Dragonfly communities of North Karelian forest lakes and ponds by Koskinen, Janne
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DRAGONFLY COMMUNITIES OF NORTH KARELIAN 
FOREST LAKES AND PONDS 
 
JANNE KOSKINEN 
 
 
 
 
 
 
 
 
 
 
 
 
Pro gradu –tutkielma 
Itä-Suomen yliopisto 
Biologian laitos 
2015 
  
UNIVERSITY OF EASTERN FINLAND 
Department of Biology 
KOSKINEN JANNE: Dragonfly communities of North Karelian forest lakes and ponds 
MSc. Thesis, 67 pp., 6 Appendices 
June 2015 
----------------------------------------------------------------------------------------------------------------  
The goal of this thesis is to survey the dragonfly communities of small Southern Boreal forest 
ponds. Different dragonfly species exhibit different survival strategies against fish predation 
and the risk of drought and seasonal change. They also differ in the length of larval period. 
This should lead to different dragonfly community structures in ponds that are fishless 
compared to ponds that contain fish, and in ponds that are permanent or ephemeral. The 
heterogeneity and diversity of vegetation is known to be important for dragonfly diversity. 
The effects of fish predation on dragonfly community structures, abundance and species 
composition have been studied earlier, but much remains to be studied. 
Study sites, permanent, semipermanent and ephemeral ponds, both fish-inhabited and 
fishless, were selected by consulting of Greater Crested Newt (Triturus cristatus) research 
team. Study material was collected from forested ponds in Joensuu and Tohmajärvi 
municipalities in North Karelia, Eastern Finland. The larvae and exuviae data was collected 
during summer 2013. Speciments were identified in laboratory and finally used as community 
data. Environmental variables, such as architectural diversity of vegetation, were also 
measured.  
General dragonfly diversity index (Shannon’s) and number of species was higher in ponds 
that  contained  fish  than  in  ponds  that  did  not.  Area  of  the  sampling  sites  did  not  correlate  
significantly with the number of individuals or species. The diversity of vegetational 
architecture also had a correlation with species richness and odonate Shannon’s diversity.  
The community structures differed clearly between fishless and fish-inhabited ponds. The 
presence of fish, the ephemerality-permanence of the ponds and the vegetational diversity 
were all found to explain community structures. The presence of Sphagnum spp. peat mosses, 
and dwarf shrubs were also a frequent factor in community structures. Decoupling the 
presence of fish from other biotic and abiotic factors in research done in situ remains 
problematic.  
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Tämän pro gradu -tutkielman tavoitteena on kartoittaa ja analysoida boreaalisen vyöhykkeen 
pienten metsälampien sudenkorentoyhteisöjä. Eri sudenkorentolajit eroavat toisistaan muun 
muassa toukkavaiheen keston ja elinympäristön suhteen, ja ne reagoivat eri tavalla 
esimerkiksi kalojen saalistupaineeseen. Myös kuivuminen ja vuodenajan vaihtuminen 
rajoittavat mahdollista elinaikaa, ja tällöin organismi voi kohdata niin sanottua aikastressiä. 
Tämän takia pysyvävetisten ja kuivuvien sekä kalallisten ja kalattomien lampien 
korentoyhteisöjen tulisi erota toisistaan. Myös kasvillisuuden monimuotoisuuden tiedetään 
vaikuttavan sudenkorentolajien esiintymiseen ja lajiston koostumukseen. Kalojen 
saalistuspaineen vaikutusta yhteisörakenteeseen, yksilömääriin ja lajien esiintymiseen on 
aiemmin tutkittu, mutta täyttä selvyyttä vaikutuksista ei ole. 
Tässä tutkimuksessa tutkittiin pysyvien ja ainakin osittain kuivuvien lampien 
korentoyhteisöjä. Koealueet valittiin rupiliskojen (Triturus cristatus) esiintymisen perusteella 
Pohjois-Karjalasta. Havaintoaineisto kerättiin touko-elokuussa 2013 metsälammilta nykyisten 
Joensuun ja Tohmajärven kuntien alueelta. Tutkimusta varten kerättiin sekä toukka- että 
toukkanahka-aineistot, joita käytettiin yhteisöanalyyseihin. Tämän lisäksi kerättiin tietoja 
ympäristömuuttujista, kuten kasvillisuuden rakenteellisesta monimuotoisuudesta. 
Kalallisissa lammissa havaittiin enemmän lajeja ja niiden Shannonin diversiteetti-indeksi 
oli kalattomia lampia suurempi. Kasvillisuuden monimuotoisuus lisäsi korentolajiston 
monimuotoisuutta, ja kalallisten lampien pysyvävetisyys, suurempi pinta-ala ja kasvillisuuden 
rakenteellinen monimuotoisuus saattavat selittää osan havaituista vasteista.  Pinta-alan ei 
havaittu korreloivan merkittävästi laji- tai yksilömäärien kanssa.  
Kalallisten ja kalattomien lampien korentoyhteisöt erosivat toisistaan selkeästi 
oordinaatioissa. Kalojen läsnäolon, kasvillisuuden monimuotoisuuden ja vaihtuvavetisyyden 
havaittiin vaikuttavan yhteisörakenteisiin. Myös rahkasammalten ja varpujen peittävyys selitti 
osan yhteisöjen erovaisuuksista. Kalallisuuden sekä muiden ympäristömuuttujen erottaminen 
toisistaan on vaikeaa, mikäli koealat ovat luonnollisia. 
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1 INTRODUCTION 
 
1.1 Dragonflies – a general overview 
 
Dragonflies or odonates (Insecta: Odonata) are an ancient (Corbet & Brooks 2008, 
Karjalainen 2010), predatory insect order. They are usually split into two suborders: the 
damselflies and their allies (Zygoptera) and dragonflies sensu stricto (Anisoptera) (Corbet & 
Brooks 2008). Although the lineages are evolutionary old (Corbet & Brooks 2008), distinct 
and easily separable in field, both share a number of similar adaptations, morphological 
features and behavioural patterns. English vernacular names are somewhat nebulous; the 
term ”dragonfly” often encompasses both Zygoptera and Anisoptera, but can also be used to 
refer to Anisoptera in particular. In Finnish, the Zygoptera is known as “hentosudenkorennot” 
and Anisoptera as “aitosudenkorennot”, the term “sudenkorennot” being an umbrella term for 
Odonata. For convenience, this thesis uses the general terms ”odonate” and ”dragonflies” to 
encompass both Anisoptera and Zygoptera. The nomenclature and taxonomy follows Dijkstra 
& Lewington (2006).  
All extant odonates are obligate predators in both larval and adult stage (Corbet & Brooks 
2008). All species are hemimetabolous: no pupal form exists. The larvae of European 
odonates are all predominantly aquatic, while the adults are aerial, visual predators with 
highly developed sense of sight. The larvae breathe with gills. In Zygoptera, the gills are in 
caudal lamellae, which are an important identification feature. In Anisoptera, the gills are 
inside the large intestine. Larvae use a highly specialized labial mask (labium) for catching 
prey (Corbet & Brooks 2008). During larval period, the larvae shed their skin several times. 
The different individual sizes are known as stadia, with the last few stadia being numbered 
descendingly – F-2, F-1 and F-0, with the F-0 being the final stadium before metamorphosis 
(Corbet & Brooks 2008). 
During metamorphosis, the individual becomes a nearly fully developed adult inside the 
larval skin. After most of the metamorphosis has been completed, the larva will not eat any 
more and will eventually climb out of the water to emerge. During emergence, the last phase 
of metamorphosis is completed (Corbet & Brooks 2008) and the adult leaves the shed skin, 
exuvia, behind. The newly emerged adult will rest for some time to harden its cuticula and 
wings – a dangerous period with considerable mortality. After that, the adult will take off and 
fly away from the water. It will forage for some time further away from the water and 
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aggressive conspecifics until gaining sexual maturity. Some dispersal undoubtedly happens at 
this period. 
The adult dragonfly is a visually oriented aerial generalist predator. In general, they are 
considered good and agile fliers. Adults have large eyes with several thousand, even over 
28 000, ommatidia (Corbet & Brooks 2008, Bybee et al. 2012). They possess a great visual 
acuity and can see from long wavelengths to polarized light (e.g. Wildermuth & Horváth 
2004, Kriska et al. 2009) and apparently even into UV spectrum (Meinertzhagen et al. 1983). 
The larvae use both tactile and visual cues for predation, and can detect presence of fish and 
other predators from visual cues - the presence of olfactory responses in Odonata is poorly 
known (Piersanti et al. 2014). The lifestyles of larvae differ a lot between the species, but 
some general hunting patterns have been described, including burrowing or stationary sit-and-
wait predators and active, sprawling hunters (Corbet & Brooks 2008). 
In this study, larval population is defined as a set of larvae inhabiting a given pond, 
irrespective of the pond’s long-term suitability for a given species. The larvae are, after all, 
virtually confined to their pond of birth. Population of adult odonates are more nebulous and 
usually exist as a spatially distributed metapopulations (e.g. Hanski 1999). These 
metapopulations consist of matrix (habitat unsuitable for breeding) and of different, spatially 
discrete populations. Some of these populations are source populations, where recruitment 
exceeds mortality (Pulliam 1988). In sink populations mortality exceeds recruitment. Sink 
populations are dependent on immigration. In dragonflies, the imagoes will hunt and mature 
both in the matrix (non-aquatic habitats) and breeding sites, and require aquatic sites for 
breeding. 
 
1.2 Temporal constraints in ephemeral aquatic ecosystems 
 
Aquatic ecosystems in boreal vegetation zone can be generally characterized by relative 
stability compared to surrounding terrestrial environments – temperature and daylight 
variances are slower and delayed, and during winter the deeper habitats stay dark and above 
+0° C, with anoxic conditions somewhat common especially in smaller ponds. 
However, some aquatic ecosystems are temporarily unstable and may dry out periodically, 
usually at summer. These ephemeral ponds can be predictable in the longer run (i.e. the 
ephemeral pond can be found each year at the same location), yet so ephemeral within an 
annual cycle that it constrains obligatorily aquatic organisms. After all, a dry pond can be a 
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death trap to individuals that lack the means of escape. Therefore, this hydrological feature 
likely constrains and shapes the biotic communities in these ponds.  
Very ephemeral habitats are highly unsuitable for most Northern fish species, since all of 
them require at least some free water for survival and breeding. Even fishes such as Crucian 
Carp Carassius carassius (Linnaeus 1758), a species well known for its tolerance of adverse 
conditions, cannot survive for long in ponds that dry out completely. In boreal zone pioneer 
fish species are rare to nonexistent, and this means ephemeral ponds are usually devoid of 
fish. Likewise, ephemeral habitats constrain amphibian development cycles. Large 
invertebrate species with longer developmental cycles – like Aeshnidae – may have 
difficulties surviving over dry periods. Temporal ponds are often dominated by a few odonate 
species and cannibalism may be very common (van Buskirk 1989). 
Organisms exhibit a wide array of physiomorphological and behavioural adaptions to 
escape adverse environments. If an organism can lay dormant or tolerate hostile conditions it 
can “skip over” adverse conditions; if it has wings (like many aquatic insect imagoes) it can 
move to another habitat patch. The birds flying south in autumn is an example of such spatio-
temporal escape. Many aquatic insects have wings or winged morphs, so they can disperse, 
should the environment become hostile. Observing water striders (Heteroptera: Gerris spp.) in 
fresh rainwater ponds is a testament of obligatory aquatic insects’ capability of dispersing 
spatially. However, if the organism is completely dependent on free water during a crucial 
part of its development, yet faces adverse conditions it is unable to escape spatially, it has to 
try to avoid the adverse conditions temporally or perish. This usually means accelerating 
metamorphosis or becoming dormant. Many organisms inhabiting unstable habitats have 
mechanisms to predict habitat change, including detecting photoperiodic change in Lestes 
damselflies (Lutz 1968). Organisms facing a discrete time limitation are considered time-
constrained and face time stress (e.g. Stoks et al. 2003). The precise terms for this 
constrainment differ between authors (e.g. Johansson & Rowe 1999, Stoks et al. 2003). 
For odonate larvae, escape of adverse conditions generally means increasing respiration 
and actively seeking prey to secure resources necessary for metamorphosis (Johansson & 
Rowe 1999), before the environment becomes unlivable (usually dries up or freezes 
completely). The larvae increase their metabolic rate and invest less in storage tissues, thus 
emerging smaller (Stoks et al.2006). Even cannibalism becomes more common under time 
and food constraints (Johansson & Rowe 1999, De Block & Stoks 2004). Emerging too late to 
meet a mate is also a waste, so delaying the emergence until next season might also be 
employed (Johansson et al. 2001). Odonates also exhibit another sort of time skip, diapause – 
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a metabolically inactive phase in larval stage (Corbet & Brooks 2008). However, diapause is 
not a spatial escape tool, but a regulatory response to environmental cues, postponing 
emergence to be more conducive to breeding and survival. Certain species inhabiting 
somewhat novel aquatic habitats have a wide array of other survival mechanisms, too. Broad-
bodied Chaser Libellula depressa can live in wet mud for long periods, and several 
Somatochlora (Corduliidae) species overwinter in wet Sphagnum moss that freezes 
completely during the winter.   
Naturally, not all odonates need adaptations of escape from adverse conditions in their 
normal life cycle. Semivoltine species inhabiting permanent aquatic environments do not 
usually face predictable temporal stress associated with predictable drought of their habitat. 
Temporal stress is however also present in these species: they have to complete 
metamorphosis in a certain temporal “window” to encounter a mating partner. Usually the 
larger larvae of the cohort eat less often and are less mobile than smaller larvae, which often 
increase consumption and activity to “catch up” with the rest of the cohort. This ensures that 
the entire cohort emerges at roughly the same time, increasing individual mating success and 
reducing predation risk at emergence. Again, no hard fast rules: Ischnura pumilio, a southern 
pioneer species, has been observed to have second generation in Finland 
(www.sudenkorento.fi, referenced 26.4.2015), with the second generation emerging in late 
August. In Britain, those Anax imperator larvae that have grown past a certain threshold 
before midsummer skip diapause and proceed to emerge later that summer, whereas those of 
the same cohort that didn’t reach the threshold enter diapause and only emerge the next 
summer (Corbet 1957). The contrary is also possible: In Lestes sponsa, time-constrained and 
food-deprived larvae had slow developmental speed, perhaps aiming to overwinter as larvae 
and emerge next year (Johansson et al. 2001). A specimen from a same pond and brood can 
therefore have either a 2-year or a 3-year developmental cycle. Early autumn emergence 
records of summer species such as Orthetrum cancellatum are known from Finland (S. Haro 
28.5.2015, pers. comm.); whether these are latecomers or malfunctioning “too early” 
individuals is not known. As such, the time stress is a highly situational environmental stress 
factor that some species encounter more frequently than others. The responses to evolutionary 
time stress pressures will lead to complex compensation schemes, very much depending on 
species in question (Mikolajewski et al. 2015). 
Environmental factors conducive to time stress are especially visible in Lestes and 
Sympetrum species. These mostly obligatorily univoltine species do not overwinter as larvae, 
and have to complete metamorphosis before autumn weather becomes too hostile for adults to 
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breed. The larvae and imagoes of these genera are often noticeably common in small, 
ephemeral ponds. They are active, sprawling, opportunistic hunters that gladly engage in 
intracohort cannibalism and are active prey-seekers. This is a trade-off: active behaviour 
makes larvae more vulnerable to predation, but increases foraging coefficient and thus 
diminishes time required to reach maturity (e.g. Dixon & Baker 1988, Brodin & Johansson 
2004, but see McPeek 2004). Active foraging also increases cannibalism (Johansson & Rowe 
1999). In outdoor aquaria, artificially adjusting the photoperiod to suppress the larval 
development of three Lestes species led to accelerated development, lower body fat and 
increased mortality (De Block et al. 2008). Both genera are also present in ponds with fish, 
and many species (e.g. Lestes sponsa, Sympetrum flaveolum)  are  very  common  and  among  
our most visible odonate species. They can truly be considered all-rounders.  
 
1.3 Dispersal and habitat colonization in Odonata 
 
Many adult odonates are strong fliers, and most species are capable of finding and colonizing 
new habitat patches. Dispersal is well known in many species, ranging from dispersive 
Lestids such as Lestes spp. and Sympecma paedisca to common and widespread Migrant 
Hawker Aeshna mixta and even obligatorily nomadic species, such as nearly cosmopolitan 
Pantala flavescens. Interestingly, many of these dispersive species are univoltine and prefer 
ephemeral habitats. Some dispersive, southern zygopteran species, like Azure Bluet 
Coenagrion puella and Small Bluetail Ischnura pumilio are apparently recent colonizers in 
southern Finland, as is univoltine Sympetrum sanguineum (Libellulidae).  
Even relatively sedentary species can range widely: the small and remote Lågskär island in 
the Southern Åland has records of species such as Crescent Bluet Coenagrion lunulatum and 
Green Hawker Aeshna viridis, neither of which are normally considered dispersive species, 
and neither of which have been documented as residents on the island. Even more 
interestingly, diminutive Sedgeling Nehalennia speciosa, known for its extremely sedentary 
lifestyle in its scarce European populations, can disperse, as proven by several atypical 
records in Southern Finland in 2000s. Sporadic records from novel ponds and other artificial 
watercourses indicate that odonates can colonize suitable habitats very quickly. Some species 
(Libellula depressa, Lestes sponsa, Lestes dryas, Sympetrum spp., Ischnura pumilio) seem to 
favour new, partially ephemeral habitats.  
When observing species in small, isolated ponds, observers will soon start to find species 
and individuals that have certainly dispersed – typical examples include lotic species 
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frequently found visiting lentic habitats and vice versa. As such, a simple discovery of an 
adult odonate at a given location has relatively little value in assessing the community of the 
pond, and should be treated very carefully. Observations of breeding behaviour, larvae and 
exuviae are much more valuable when assessing if the habitat patch is accepted and used. 
It can be safely assumed that odonates can colonize new habitats relatively easily if they 
encounter them when environment favours breeding. Alpine Emeralds (Somatochlora 
alpestris sometimes shuttle between breeding ponds even 2 km apart (Knaus & Wildermuth 
2002), and sparse and local gomphids (Gomphidae) – which favour lotic habitats in Finland - 
are known to disperse very widely when maturing. For odonates the breeding localities are 
usually discrete with well-defined boundaries, while feeding and dispersing individuals roam 
widely in terrestrial habitats. Matrix structure could regulate metapopulation migration rates. 
Isolated ponds’ communities are heavily affected by distance to nearest source, and dispersal 
seems to morph the community structure in odonates (McCauley 2006); the same holds true 
for ephemeral specialist branchiopods and amphibians (Graham 2002). 
 
1.4 Habitat selection in Odonata 
 
If dispersal and the basics larval cycle are relatively well understood, the selection process 
used by adult odonates when choosing a habitat patch is still at complete infancy. Even 
though descriptive material of different communities does exist (e.g. Chwala & Waringer 
1996) and we know some selection cues (e.g. Bernáth et al. 2002), the scientific community 
lacks much knowledge about individual species’ habitat selection. It is impossible to construct 
any model that could describe the plethora of cues and thresholds that effect any significant 
number of species. We are therefore limited to expert-based, subjective assessments and some 
specific examples where clear habitat requirements have been researched, e.g. Nehalennia 
speciosa (Bernard & Wildermuth 2005) and Aeshna viridis (Rantala et al. 2004). Selection 
cues for more generalist tyrphobiotic species are virtually unknown. Even the sensory cues 
are poorly understood (Corbet & Brooks 2008). An odonate enthusiast can quite reliably 
assess the expected species assemblage using location, vegetation and his/her experience, but 
just how and why such assemblages exist – if they even do! – is yet unknown.  
Adults visit suitable isolated habitat patches, but isolation affects the larval populations 
McCauley (2006). This could mean that adults simply do not find a suitable mating partner or 
egg-laying spot, or considered the tanks unsuitable for breeding. This is in line with field 
knowledge of odonates, where single dispersing individuals ”check out” even apparently 
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completely unsuitable locations, such as rain ponds at asphalt roads, at rapid pace, and then 
move on. Odonata enthusiasts quickly become used to seeing for example Calopteryx 
individuals at parks, open water or even small Baltic islets – the species is dependent on 
running water, and the individuals are obviously dispersive. 
The larval stage is perhaps the most important life cycle phase in any odonate’s life, since 
all the growth happens in that stage. Imago stage can be migratory, but it is essentially just a 
breeding stage. Field odonatology is often focused on the easily observable and aesthetically 
pleasing imagoes. Yet it could be argued that habitat selection and larval stage are 
underresearched. Most of the current knowledge of odonate habitat selection is based on 
observations of breeding adults – notable exception is Aeshna viridis, larvae of which have 
been subjects of intense studies (e.g. Rantala et al. 2004). In Finnish research, the imagoes 
have been successfully used as model animals in behavioural ecology (e.g., Pajunen 1966), 
dispersal studies (Suhonen et al. 2010) and, especially in the case of Calopteryx demoiselles 
(Zygoptera), complex mating systems (Tynkkynen et al. 2004, Kuitunen et al. 2010), 
sympatric coexistence (Kuitunen et al. 2010, Honkavaara et al. 2011, Ilvonen et al. 2011) and 
parasitism (Suhonen et al. 2010, Ilvonen et al. 2011). The larval stage, on the contrary, is less 
visually captivating and harder to observe. Larvae have been used to model cannibalism (see 
chapter 1.5. “Prey selection and cannibalism in Odonata”), time stress (e.g. Mikolajewski et 
al. 2015), predation responses (see chapter 1.5 “Prey selection and cannibalism in Odonata”) 
and other fields often associated with aquatic animals.  
 
1.5 Prey selection and cannibalism in Odonata 
 
Prey selection in odonates is relatively indiscriminate (Thompson 1978a) and larval size 
determines the maximum prey size (Thompson 1978b). Prey selection can exhibit 
specialization on the more common prey (Bergelson 1985) or focus on largest prey items 
(Fincke et al. 1997). Generally, the odonates prey on a bewildering array of aquatic and even 
terrestrial animals. Aside from trivial prey items, such as Daphnia, Copepoda and common 
insect larvae, such as Ephemeroptera and Trichoptera, the larval odonates are known to 
predate on fishes, amphibians and each other. More curious prey include e.g. a fly walking on 
water surface, which was predated by an Aeshna sp. larvae approaching from below the water 
(J.Koskinen 2007, pers. obs.) and ovipositing adult odonates. Adult odonates feed mostly on 
flying insects and airborne spider, but will also gleam stationary prey, such as aphids, from 
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vegetation. Terrestrial arthropods, spiders sitting in their nets and even small frogs are also 
occasionally caught.  
Cannibalism is common in odonates (e.g. van Buskirk 1989). Many species will readily 
engage in cannibalism in all life phases. Cannibalism affects smaller larvae 
indisproportionately (e.g. van Buskirk 1989). The basic pattern is density-dependent 
cannibalism, with large larvae cannibalizing both similar-sized and smaller larvae, although 
larvae  seem  to  focus  on  smaller  conspecifics  (e.g.  van  Buskirk  1989,  Hopper  &  Crowley  
1996). This leads to increased mortality in small instars. Skipping forward temporally, the 
previously cannibalized small instars become the less numerous cohort that gain by 
cannibalism. Since cannibalism is mostly density-dependent, this may lead to minimization of 
cyclicity and synchronization of emergence (van Buskirk 1989, Crowley & Hopper 1994). In 
cannibalized cohorts, the mean size increases – either because of decreased intracohort 
competition or because of cannibals disproportionately prey on smallest available larvae (van 
Buskirk 1989, Anholt 1994). Since prey availability, predation, competition and cannibalism, 
time stress and environmental variables all effect larval survivability and metamorphosis, they 
affect the niche of every odonate species in different ponds. The cannibalism also connects to 
seasonal constraints; when larvae of univoltine Lestes congener Hagen 1861 were 
manipulated to face late-season diel patterns, they increased their foraging rate, which also 
increased cannibalism (Johansson & Rowe 1999).  
As generalistic predators, odonates also feed on other odonate larvae. In laboratory tests, 
the actively hunting Aeshna juncea larvae had the most effect on actively hunting 
Leucorrhinia dubia larvae and least effect on sit-and-wait Coenagrion hastulatum larvae 
(Johansson 1993). The particular dynamics were dependent on species and their ecology. 
When combined with cannibalism, the intraodonate predator-prey interactions become highly 
complex, and reviewing them is outside the scope of this thesis. 
Odonates form a visible part of most of the aquatic ecosystems: large, opportunistic and 
often surprisingly numerous larvae are understandably interesting. The effect of larvae to 
community structures has been usually considered “as is”, but little experimental or even 
descriptive research exists. No good, grand models about odonate effects on species diversity, 
nor odonate-odonate-fish predation, have been constructed. What is known is, sadly, 
descriptive of what knowledge exists of aquatic invertebrate predators: a little. As such, we do 
not really know how the complex fish-odonate (or any large aquatic predatory invertebrate, 
such as Dytiscus beetles and different Heteroptera water bugs) interactions behave in 
particular. 
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1.6 Odonata and vegetation 
 
The relationship between odonates and vegetation is diverse and multifaceted. Some odonates 
are highly associated with particular plants.  The relationship between Aeshna viridis and 
Water Soldier Stratiotes aloides L. is a straightforward schoolbook example, with the plant 
apparently providing a haven from fish predation for the large larvae (Rantala et al. 2004). 
The same species relationship is also observed in related Aeshna isoceles in northern limits of 
distribution (Corbet & Brooks 2008), yet in southeastern Europe A. isoceles does not seem to 
be associated with S. aloides (J. Koskinen 2006, pers. obs).  
The other European odonates’ relationships with particular plants are more intricate and 
less straightforward. Some Leucorrhinia species, such as L. caudalis, favour Nuphar and 
Nympha leaves as territorial marks. Some corduliid species, such as Somatochlora arctica, 
show strong association with peatlands containing plenty of Sphagnum mosses. Nehalennia 
speciosa favours a particular type of sparse fen vegetation, where the emphasis seems to be on 
the structure, not the plant species themselves (Bernard & Wildermuth 2005). Two 
uncommon European species, Orthetrum coerulescens (Libellulidae) and Ceriagrion tenellum 
(Coenagrionidae), were highly selective of their habitat’s plant species stands (Buchwald 
1992). In Finland, however, the habitats of O. coerulescens are  not  similar  to  those  in  
Germany (Buchwald 1992, Karjalainen 2010).  
The diversity of the architectural structure and the diversity index of vascular plants is 
associated with increased odonate species diversity (Sahlén & Ekestubbe 2001). Water 
vascular plant diversity has been shown to correlate with common odonate species (Honkanen 
et al. 2011). Overall, the association between increasing plant diversity and increasing 
odonate diversity is quite clear and strong (Sahlén & Ekestubbe 2001, Carchini et al. 2007, 
Keil et al. 2008, Remsburg & Turner 2009, Honkanen et al. 2011, Raebel et al. 2012), and 
much of the work has focused on vascular plant architectural heterogeneity (Schindler et al. 
2003). In botanistic taxonomy and nomenclature, this thesis follows Mossberg & Sternberg 
(2006). 
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1.7 Odonata and fish 
 
Fish are considered as manipulators and key elements of aquatic communities (Gilinsky 1984, 
Power et al. 1992, Herrmann et al. 2012). Generally fishes have a considerable and complex 
impact on macroinvertebrate assemblies (Gilinsky 1984), including limiting predatory 
macroinvertebrates (Diehl 1992), increasing evenness and limiting certain taxa (Gilliam et al. 
1989, Brönmark 1994) and, by focusing on some species, perhaps causing trophic cascades 
(Power et al. 1992). The fish communities also shape odonate communities (Wittwer et al. 
2010).  
In  North  America,  a  damselfly  genus  Enallagma – two of which reach Europe and one 
Finland – is known for displaying a curious habitat selection. Several Enallagma species 
breed only in ponds and lakes containing fish, whereas other species obligatorily choose only 
fishless habitats (Stoks et al. 2003, MacGuffin et al. 2006). These species differ in larval 
activity (McPeek 1990, Stoks et al. 2003). They also exhibit different feeding and movement 
schemes. The larvae of the Enallagma species from fish lakes do not respond to dragonfly 
larva attack the same way the species from fishless lakes do (McPeek 1990).  
Obligatory univoltine odonate species, such as Lestes (Zygoptera), are very active and 
visible in their larval stage. They face temporal stress, since they cannot overwinter as larvae. 
This leads to them having high foraging coefficients. Mobile species are more vulnerable to 
certain sorts of predation pressure, such as Aeshnidae predation (Johansson 1993). Not 
surprisingly, many lestids inhabit highly ephemeral and small waters, such as trenches and 
even construction site ponds. These sites have little fish predation and high thermal 
coefficients – undoubtedly suitable for species maximizing active predation patterns. 
 Several odonate species show morphological characters that are typical anti-fish 
adaptations. Spiky larvae are generally more resistant to fish predation, which has been 
proven also in Leucorrhinia (Anisoptera) species (Johansson 2002). These species show 
intriguing phenotypic plasticity, with spike growth induced by presence of fish (Arnqvist & 
Johansson 1998). Even more importantly, these anti-fish characters are a trade-off, and make 
the larvae more vulnerable to grasping predators – most importantly other dragonflies.  
Morphological changes and behavioural cues indicate that some odonates are more 
resistant to fish predation than other species. 
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1.8 The dragonfly fauna of North Karelia 
 
Finnish dragonfly fauna consists of 62 recorded species (www.sudenkorento.fi, 26.4.2015). 
North Karelian checklist currently includes 46 species (Karjalainen 2015a). Out of the 46 
species, a total of ca. 13 species could be assumed to be unlikely inhabitants of forested 
ponds, leaving the study with a potential pool of 33 species.  
The North Karelian odonate fauna is mostly typical of Southern Boreal zone and consists 
mostly  of  species  with  wide  range  across  the  Fennoscandia  (Dijkstra  &  Lewington  2006).  
Most of these are very typical semi-tyrphobiontic species, such as Aeshnidae, Corduliidae, 
Coenagrionidae and Libellulidae of genus Leucorrhinia. Species inhabiting lotic habitats are 
also relatively common, including Green Snaketail Ophiogomphus cecilia (Gomphidae), a 
strictly protected EU Habitats Directive species, which can have considerable effect on 
planning and land use similar to better-known Siberian Flying Squirrel Pteromys volans. 
Interestingly Black-Tailed Skimmer (Orthetrum cancellatum) is found as a breeding species 
here and there in North Karelian area, while its main habitats in Finland are the brackish 
waters of Baltic Sea. Sympetrum pedemontanum is a vagrant rarity, with two records from 
Finland, one of which was recorded in Liperi area. 
A significant source for uncertainty in assessing the North Karelian odonate fauna is the 
lack of records. Most Finnish odonatologists have collected records mainly in Southern 
Finland, and considerable record collection is only available over a short period from 2000 to 
2011 (Mäkinen et al. 2012).  
There are four reasons for the timeframe of the nationwide odonate recording: 1) 
Surveying and assessing EU Habitats Directive species began in earnest in late 1990s/early 
2000s; 2) Sami Karjalainen’s book (2002) led to many people becoming interested in 
odonates; 3) a suitable central database (Finnish Museum of Natural History’s Hatikka 
database) was found useful and used as a central record collection resource, and finally; 4) a 
renewed Hatikka database, introduced in 2011, was deemed unsatisfactory by wide number of 
enthusiasts and record number plummeted.  
 From historical perspective, one of the most authoritave and important publications, to 
which much of current knowledge of Finnish dragonfly distribution still relies, is a near-
complete record atlas from 1980 (Valtonen 1980). Current knowledge is of course much more 
comprehensive, mostly building on Karjalainen 2002, Karjalainen 2010 and combined efforts 
of odonate enthusiasts. However, Valtonen 1980 is still a good overview on less well-known 
areas of Finland.  
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Only sporadic records are available from most of the North Karelia, mostly from Finnish 
Museum of Natural History's Hatikka database. Kitee and Kiteenjoki river areas are well 
studied due Scarce Chaser (Libellula fulva) (Libellulidae) population, which for a long time 
was the only known stable L. fulva population in Finland (e.g. Karjalainen 2002). Most of the 
data is presence-pseudoabsence data; underreporting more common species seems to be a 
wide phenomenon (J. Koskinen 2014, pers.obs.), but “more interesting” species are reported 
quite well. Overall, the underrecording seems to be a norm rather than an exception: during 
the collection of this material, the author recorded several species that are considered locally 
uncommon and southern species, with only a handful of earlier records from North Karelia. 
For the ”southern” species the recordings around Jyväskylä (62°14ĄN 025°44Ą E) 
(www.hatikka.fi, referenced 26.4.2015) are particularly revealing: the ”southern” species are 
simply relatively uncommon in northern latitudes, and the scarcity of records can probably 
simply be explained by the overall lack of recording and recorders. Therefore, assessing the 
true state of North Karelian odonate fauna, especially ”uncommon” species, depends heavily 
on enthusiasts’ and professionals’ personal, subjective analysis, not on quantifiable and 
widely available faunistic data. This is the norm on most arthropode groups, such as true bugs 
(Heteroptera). More widely recorded groups, such as Lepidoptera, are well represented in 
large datasets from all around Finland, and their distributions can be assessed more 
accurately.  
A few truly southern species – from Finnish perspective - reach North Karelia, with mid-
boreal zone being their apparent northern limit. These include the fascinating river-dwelling 
Keeled Skimmer (Orthetrum coerulescens) (Libellulidae) and apparently relatively recent 
colonizer, Black-Tailed Skimmer (Orthetrum cancellatum), which until late 2000s seemed to 
favour the Baltic Sea coastlines. Scarce Chaser (Libellula fulva), originally a rare habitant of 
Kiteenjoki river, has been much more widely recorded in the last decade, with most of the 
observations focused in Southern Savonia and southern North Karelia.  
Overall, the dragonfly fauna of southern Finland is well known, yet some surprises still 
arise.  Discovery of southern River Clubtail Gomphus [Stylurus] flavipes (Charpentier, 1825) 
in Savitaipale in early September 2014 (Karjalainen 2015b) suggests that vagrants or even 
previously undiscovered breeding populations can be found. A large “observation void” exists 
in northeastern Finland, from Kainuu to Kuusamo and Southern Lapland, and several Siberian 
species could conceivably be found there. Recent records from Pinega region in Arkhangel 
Oblast, Russia, included Far Eastern Coenagrion glaciale (Selys 1872) and Coenagrion hylas 
(Trybom 1899) (Bernard & Daraz 2010). 
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The true rarity or occurrence of “uncommon” species at mid-boreal zone is not well 
established: estimates are based on subjective assessments, although observations from 
Jyväskylä area have shed a light on southern species’ northern limits.  
During the last decade, the rise of Finnish field odonatology coincided with the apparent 
northwards march of several species formerly considered restricted to southernmost Finland. 
This ”double-effect” led to realization that many ”southern” species could be considered 
common  up  to  southern  Central  Finland.  Species  such  as  Variable  Bluet  (Coenagrion 
pulchellum)  and  Common  Bluetail  (Ischnura elegans) (Coenagrionidae), and Moustached 
Darter (Sympetrum vulgatum),  Ruddy Darter  (Sympetrum sanguineum), and Yellow-Spotted 
Whiteface (Leucorrhinia pectoralis) (Libellulidae) were suddenly found relatively often in 
2000s compared to late 1990s (e.g. Mäkinen et al. 2011, Mäkinen 2014). It is, however, 
notoriously difficult to separate the change in distribution from the sudden surge of thousands 
of records, all collected in non-standardized fashion into incomplete checklists and often 
assigned to frustratingly large geographic grid (10 x 10 km). Attempts to assess  and quantify 
the change in the dragonfly fauna have been made (Mäkinen 2014, Koskinen 2014). The 
reasons and patterns for change, however, were way beyond the scope of the study.  The 
preliminary chi-square analysis from Southern Tavast suggests that some species are 
apparently declining, while others are undoubtedly becoming more common (Mäkinen 2014). 
Among the increasing species are, unsurprisingly, most of the aforementioned “southern” 
species, which indicates increasing range, but the decreasing species did not show a very good 
pattern.   
 
1.9 Forest ponds in sampling area 
 
Forest ponds are a common and visible part of boreal zone. Their definition is essentially that 
of exclusion – they are permanent at some time level, they are lentic, and they are not lakes, 
so their hydrological circle is more affected by temperature and local conditions rather than 
wind. Many of the forest ponds are deep and calm, and stratification undoubtedly plays a role 
in them. Some are so shallow as to probably be throughoutly mixed from spring to autumn. 
Forested ponds are very heterogenous and can only be summarily classified.  
The forested ponds have a highly diverse nature. They range from man-made (Fig. 1) to 
completely natural. Some are results of bog formation, with lakes becoming overgrown. 
Others are highly ephemeral or semipermanent, and their presence and permanence is dictated 
by local geography and annual precipitation (Fig. 2). Local geography and glacial history also 
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plays a part in formation of so-called kettle ponds, which are deep, calm and often clear 
ponds, resulting from melting ice blocks during the last glacial period (Fig. 3). They often 
form in moraine terrain. 
 
Fig 1. A manmade pond in Kiihtelysvaara region. The pond was originally a mud pit, which 
has started to overgrow. The pond dries out partially during summer. The picture has been 
taken in August; note that in May the mud surface was not visible. A total of 8 species and 
122 individuals were collected from here.  
 
A peculiar and locally common wetland type in Tuupovaara end moraine is so-called 
“lössä” fen: ephemeral and often eutrophic mineral wetlands with peculiar vegetation types, 
often dominated by large Carex species, such as C. vesicaria L., and which form little if any 
peat (Fig. 2). They are related to aro wetlands. The aro type was first formally described only 
in 2005 (Laitinen et al. 2005) from Northern Ostrobothnia, but the colloquial name “lössä”, 
present in Eastern Finland and North Karelia (V. Vuorio 4/2013, pers.comm.), suggests that 
the presence and main attributes of the type have been known for quite some time. The 
“lössä” wetlands are usually very small and local. The colloquial name has not entered the 
Finnish peatland or wetland nomenclature, and is not commonly found with standard search 
tools, such as Google. It is uncertain if North Karelian ”lössä” fens and ponds should be 
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included in mineral wetlands, ponds or ephemeral fens, or if they even belong in the same 
hydrogeographical class as the better known aro wetlands.  
 
Fig. 2. Semiephmeral forest pond with “lössä” wetland characteristics. These ponds dry out at 
least partially, and usually form in undulating moraine terrain. In spring, the entire area is 
heavily flooded – the high water mark is marked by contrasting Salix shrub growth visible in 
the background. Seasonally flooding areas are typically dominated by Carex vesicaria L. The 
permanent pond area in the middle is surprisingly deep and lushly vegetated with bur-reed 
Sparganium and water-starworts Callitriche. Sphagnum mosses are very sparse. The pond is 
also inhabited by Triturus cristatus. A total of 5 species and 25 individuals were collected 
here. 
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Fig. 3. A deep, calm and permanent kettle pond. Water is clear and submerged vegetation was 
lush, consisting of e.g. water-starworts Callitriche and mosses, such as Sphagnum spp. And 
Warnstorfia spp. This is also a T.cristatus pond. 5 species and 52 individuals were collected 
from this site. 
 
1.10  The study questions 
 
The purpose of the study was to describe and model the dragonfly communities in different 
small forest ponds in south boreal zone.  
Hypothesis 1: The fish-inhabited and fishless ponds have differing predation pressures, 
therefore the fauna will likely differ from each other. 
Hypothesis 2: The increasing vascular plant diversity increases odonate diversity. 
Hypothesis 3: The species assemblages of permanent, semi-permanent and ephemeral 
ponds differ from each other due to different temporal constraints, vegetational structure and 
predation pressures. 
Additional questions: Do the visualized community structures change when sampling just 
larvae vs. when sampling both larvae and exuviae? 
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2  MATERIAL AND METHODS 
 
2.1 The study area 
 
The study sites were located in southeastern Joensuu, southeastern North Karelia, Finland. 
The area formerly belonged to the municipalities of Tuupovaara and Kiihtelysvaara. The main 
area was a northwest-southeast –oriented rectangle of about 160km2. The exact sampling sites 
are listed in Appendix 1. The general map of the area is presented in Fig. 4. The locations of 
the sampling sites are not disclosed in order to protect T. cristatus habitats. 
 
Fig. 4. The general study area in North Karelia, Eastern Finland.  
 
The area’s geomorphology is dominated by the Tuupovaara end moraine, a part of II 
Salpausselkä terminal moraine ridge system. The terrain is undulating, mosaic-like, often 
slightly acidic moraine-podsole-dominated taiga forest area. The dominant vegetation type in 
the main area is southern boreal taiga forest, mostly managed and regularly harvested. Scots 
pine (Pinus sylvestris L.) dominates the higher, drier terrain, and Norway spruce (Picea abies 
L.) is also very common, as are mixed forests. There are patchy broadleaved forests here and 
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there, usually dominated by birches (Betula spp.) as well as rowan (Sorbus aucuparia L.) and 
aspen (Populus tremula L.).  
The area is part of the Jänisjoki drainage system, which includes hundreds of small lakes, 
ponds, lakes and streams. Peatlands are generally small, oligotrophic pine mires, but small 
eutrophic fens, ephemeral fens and swamps are found here and there.  
 
2.2 The sampling sites 
 
The study sites were selected from a pre-existing pool of pond locations by great crested newt 
Triturus cristatus (Laurenti, 1768) research group. T. cristatus breeds in fishless pools and 
ponds (Vuorio 2009). We first chose a pool of ca. 25 ponds of known existing  T.cristatus 
breeding pools, both the highly ephemeral and relatively permanent. Out of these, a selection 
of ponds with peatmoss (Sphagnum spp.) was selected for determining the effect of different 
vegetation types. Then we chose a number of ponds that most likely contained fish from 
relative proximity of T.cristatus ponds. The relative proximity to study sites to each other was 
done to minimize the effects of patchy distribution in some odonate species. Some of 
the ”fishy” ponds were already known, some were chosen using aerial pictures as a basis of 
habitat assesment. The preselection proved to be very accurate, with every ”fish” pond  
containing fishes.  
The  total  sample  numbers  were  8  ponds  with  fishes,  14  ponds  without  fish.  Of  fishless   
ponds, two dried out completely, . They formed a relatively smooth continuum of typical 
southern boreal pond types. All ponds with fish were very permanent. One fishless pond did 
not yield any larvae material and dried out completely, so it could not be used in analyses. 
The forested ponds in the area belong to a continuum of boreal pond ecosystem. They 
range from dystrophic, brown-watered, permanent acidic small lakes with poor fen shorelines 
all the way to small, eutrophic, often ephemeral ponds and even spring-water fed kettle ponds, 
with vegetation communities differing between the clines.  
Although some ponds and their surrounding vegetation types fit neatly into a peatland 
classification systems, the others are closer to permanent lakes, and many defy existing 
classification schemes. Littoral zones in particular are not easily quantifiable into discrete 
types. The marsh vegetations are not well described and the classical zones of the littoral 
zones lack useful naming and classification schemes. The permanent peatland ponds often 
have typical fen vegetation surrounding them (Fig. 5). Ephemeral or semipermanent ”lössä” 
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fens are also present (see 1.9 Forested ponds for further information), and they are the 
principal habitat of T. cristatus.  
 
Fig. 5. A very typical, permanent forested pond. The shores are dominated by fen and marsh 
vegetation and the surrounding terrain is bog. Mesotrophic or semimesotrophic species, such 
as Phragmites australis (background), are often relatively common. Float-leaved plants, such 
as water lilies (Nympha), are abundant. This pond is inhabitated by fish. A total of 9 species 
and 357 individuals were collected from the site. 
 
The southeastern North Karelia has been inhabitated for at least 1500 years, and the area 
has been fairly heavily impacted by human activity. During last 70 years especially trenching 
of peatlands and management of forests as silvicultures has been widespread. This has had a 
large effect on larger aquatic ecosystems in the area, but smaller aquatic systems, such as 
kettle ponds, are often relatively pristine. 
 
2.3 Sample collection and vegetation transects 
 
The larvae were collecting using a standard, 750 µm benthic invertebrate hand net. Standing 
on the edge of what could be determined as ”waterline”, the net was extended 175 cm towards 
the estimated centerpoint of the sampling pond and a sample was collected by dredging the 
net  along  the  bottom.  After  this,  the  most  fine  detritus  was  washed  away.  The  sample  was  
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then placed into a handmade sieve construct. The sieve was built using parts from four Orthex 
SmartStore 15™ plastic containers,  different mesh size sieve nets,  bolts and SikaFlex® mass 
(Fig. 6).  
The insides of the net were washed with pond water. The sample was then washed several 
times with pond water (a possible minor error source) and the uppermost sieve nets were 
visually inspected for odonate larvae. The bottom sample was inspected manually, by 
removing small samples of water and manually removing smallest odonate larvae. The rest of 
the water, substrate and organisms were returned to the pond. The theoretical benthic area 
inspected was about 7000 cm2 per netting. In practice, the netted area was often smaller. The 
larvae were placed in ethyl alcohol. 75 % alcohol was not strong enough to kill the larvae, so 
strength was upped to almost 90 %. The largest Anisoptera larvae survived for many hours in 
even 90 % alcohol.  
Exuviae were collected using a timer. A 5-meter segment, counterclockwise from sampling 
location, was searched for 5 minutes. Exuviae were collected in 50ml Falcon tubes, and the 
tubes were opened later in the day to prevent mold. 
 
Fig. 6. The material collection equipment. Organic matter sometimes proved to be an 
obstacle. This pond was an artificial pond with little vegetation. 
 
The sampling locations were decided by determining the threshold of the pond by visual 
inspection. If a pond had over 80 meters of shoreline (rough field approximation), a total of 8 
samples were collected, one sample from each cardinal and intercardinal direction points, 
determined by the North-South or East-West orientation of the pond. If, however, the pond 
was small enough that such sampling frequency could be considered potentially harmful for 
 22 
 
T.cristatus larvae or the sampling sites would be too close to each other, only four samples 
from each cardinal direction point were collected. Often practical difficulties prevented 
gathering all 8 samples, from all around the pond – these difficulties included e.g. a large, 
fallen spruce, blocking significant part of small kettle pond.  
During the second sampling period a vegetation and water quality analyses were taken. PH 
and electroconductivity were measured in stable conditions from +22° C samples. 
Vegetation was assessed as transects, using rough architectural structures as guidelines 
instead of more exhausting and time-consuming species transects. The transect was 2 meters 
wide line from the larva sampling location’s waterline towards the near nearest woodland or 
korpi vegetation in cardinal compass direction away from the water’s edge, and also towards 
the center the lake or pond. Each clear vegetational type along the transect was assessed as its 
own segment. The distances were estimated in the field. 
The vegetation was estimated as a percentage of cover of each transect segment. The 
assessed vegetation types were: trees (canopy cover), shrubs (canopy cover at 130cm), dwarf 
shrubs, grasses, Phragmites australis, large Carex spp., small Carex spp., Sphagnum mosses, 
other mosses, submerged aquatic plants (estimate) and float-leaved vascular plants. Small 
Carex included small Cyperaceae species, such as short sedges (Carex spp.), rush (Juncus 
spp.) and cotton-sedges (Eriophorum spp.). Large Carex included the tall sedges, e.g. Carex 
lasiocarpa, C. vesicaria and C. rostrata. The amount of open water surface and rock/mud was 
also assessed.  
 
2.4 Sample identification and data preparation 
 
The larvae and exuviae were identified in the laboratory using stereo microscopes and an 
array of literature (Valle 1952, Nilsson 1996, Gerken & Sternberg 1999, Bellman 2010), 
reference material (Zoological Museum of University of Oulu) and personal contacts.  
The plant data was assembled into a single chart. Relative cover of each plant group in 
entire pond transection area and Shannon’s diversity index for the entire pond were 
calculated. The area of the ponds was assessed using aerial pictures taken in springtime. The 
ponds were assigned to three groups: 
1. Permanent ponds, with water levels fluctuating only slightly and no appreciable 
shrinking of submerged area during summer 
2. Semipermanent ponds, with notable shrinking of water area, yet at least partially 
permanent 
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3. Ephemeral – very considerable change in water levels depending on year, often dry out 
completely. 
The stability decreases while ephemerality increases. Ephemeral ponds are unstable and 
unpredictable, and can be dry in some years. Semipermanent ponds are generally at least 
partially permanent, with water levels fluctuating depending on year. Permanent ponds don’t 
usually have appreciable change in water levels. All fish-inhabited ponds were permanent.  
 
2.5 Statistical methods 
 
The data was arranged using Microsoft Excel and transported to R program. The species and 
individual means were measured between different groupings. For ordination and data 
analysis, the R package vegan (Oksanen 2013) was used.  
The fish-inhabited and fishless ponds were first compared by simple statistical tests. The 
inspected variables were species (all, unique, and certain unique aka. adjusted), individuals 
(all, unique, and adjusted) and the odonate diversity (Shannon’s diversity index H’). All 
species include all identifications, and thus can include e.g. L. dubia, Libellulidae sp. and 
Leucorrhinia sp. as three species. Unique species only includes taxa that are certainly 
identified to taxonomic level, so the aforementioned example would have only one species. 
Adjusted species calculates the “minimum certain unique” species. E.g. a pond with L. dubia, 
Leucorrhinia sp., Aeshna sp. and Lestes sp. would have three certainly unique species, since 
Leucorrhinia sp. can include L. dubia, but both Aeshna and Lestes are certainly novel. A pond 
with C. hastulatum and 500 Coenagrionidae sp. would have one certainly unique species. 
One could argue that all of these categories are “wrong” and none are more valid than others; 
what variable is selected is fully dependant on the question. 
The exuviae were saved as binary presence-absence –data, since their numbers and 
sampling methodology were not similar to larvae sampling. 
The homogeneity of variances was tested using Levene’s test. The measurements were 
tested for normality (Shapiro-Wilk). Comparisons between fish-inhabited and fishless ponds 
were performed using Welch two-sample t-test. This version of t-test does not necessitate a 
equal distribution of variances. When non-normality was discovered , Mann-Whitney’s U-test 
was used instead of a t-test. The p-values returned by t-test were also suspected to false 
discovery rate conversion.  
The evenness was measured using Simpson’s diversity index. The diversities were 
calculated using Shannon’s diversity index H’ for species diversity data.  
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Correlation tests between number of individuals or species and area or diversity indices 
were performed using Kendall’s rank correlation test. To further assess the effect of sampling 
intensity to the number of unique species the samples-species –relationship was analysed 
using Kruskal-Wallis test. 
To visually inspect the possible differences in community structures, the data was analysed 
using the R vegan package. The data was rearranged to environmental variables and species 
data. The structures were then visualized by using non-metric multidimensional scaling 
(NMDS). To doublecheck, the most important results were also analysed using detrended 
correspondence analysis (DCA).  
Nonmetric multidimensional scaling is a nonmetric version of multidimensional scaling 
(MDS) ordination technique. It is an iterative ordination method, based on a priori choice of 
dimensions, and is suitable for many different distance matrices. It attempts to retain 
information about the between-distances of ordination objects – in ecology, usually sample 
sites and species. NMDS is a younger method than DCA, originally constrained by lacking 
computing power in 1980s. DCA is is a version of correspondence analysis, and performs a 
“detrending” – a splitting and standardization of axii. It is an older method than NMDS. It is 
also iterative, recalculating sample and species scores until a solution is found. Both of these 
methods are commonly employed in community ecology.   
In NMDS, data was first transformed using Wisconsin double standardization. 
Recommended by e.g. Oksanen (2013), this standardization first divides the species by their 
maxima, and stands divided to equal totals. This is inferred to make ordinations easier to 
inspect when the range of values is large, since it downweights the effects of very numerous 
species. Vegan package also helpfully transfers vectors that have large single sample sizes 
into square roots, so in effect the data and results portrayed here have usually been 
transformed first by square root and then by Wisconsin standardizations. This obviously loses 
some information on the distances between the samples, but since the ordinations are 
presented in imaginary matrix, the possibility to visually analyse the trends might outweigh 
the possible harms of too heavy standardization procedures. To further explore the effect of 
transformations, we ran the analysis without any sort of autotransformation 
(autotransform=FALSE). The data was also ordinated using the detrended correspondence 
analysis (function decorana in vegan).  
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The ordinations are highly suspectible to the choice of distance matrix. Euclidean distances 
are affected by null values, which are relatively common in natural data, and also numerous in 
study material. This study used mainly Bray-Curtis index, which strictly speaking is not 
distance, but dissimilarity.  
࡮࡯࢏࢐ = ૚ െ ૛࡯࢏࢐ࡿ࢏ାࡿ࢐ 
 
Euclidean distance was used to see if the trends were similar to Bray-Curtis.  
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3 RESULTS 
 
3.1 Observations of odonate taxa 
 
In total 2602 larvae were collected. Of these, 1786 individuals were identified to species 
level. A total of 20 species were identified to species level; in addition, Sympetrum spp. are 
used as an exact taxon in larval material, bringing the total to 21 unique species. The collected 
larvae, the number of ponds and the number of sites they were observed at are presented in 
Table 1. The presence chart of different species is shown in Fig. 7, the individual distribution 
is presented in Fig. 8.The ponds and their features are presented in Appendix 5. 
 
Table 1. The species, their numbers, and the number of locations they were recorded at. List 
includes imprecise identifications. 
             
Species 
 
Number of individuals 
Number of 
ponds where 
collected 
Species Number of individuals 
Number of 
ponds where 
collected 
Coenagrion hastulatum 
 
1104 19 Aeshna grandis 14 7 
Leucorrhinia sp. 
 
499 10 Somatochlora metallica 14 5 
Leucorrhinia dubia 
 
379 14 Lestes sp. 14 5 
Coenagrionidae sp. 
 
130 19 Sympetrum sp. 11 2 
Libellulidae sp. 
 
87 14 Anisoptera sp. 8 6 
Enallagma cyathigerum 
 
62 4 Pyrrhosoma nymphula 8 1 
Aeshna juncea 
 
47 11 Leucorrhinia caudalis 7 1 
Coenagrion johanssoni 
 
45 5 Erythromma najas 3 3 
Cordulia aenea 
 
43 11 Aeshna crenata 3 2 
Leucorrhinia rubicunda 
 
42 10 Aeshna cyanea 2 2 
Libellula   quadrimaculata 
 
28 5 Somatochlora arctica 2 1 
Lestes sponsa 
 
27 6 Coenagrion lunulatum 1 1 
Aeshna subarctica 
 
17 7 Leucorrhinia albifrons 1 1 
Aeshna sp. 
 
15 10 Corduliidae sp. 1 1 
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A total of 419 exuviae were collected. Of these, 284 were identified to species level. 9 
species were identified, including one that was not detected as a larva (Coenagrion 
pulchellum).  
 
Fig. 7. Species detected in number of ponds. For explanation of abbreviations, see Appendix 
4. 
 
 
Fig. 8. Numbers of individuals. The material is dominated by Coenagrion hastulatum, 
Leucorrhinia dubia, Leucorrhinia sp and Coenagrionidae sp. Compare to previous chart.  
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3.2 The effects of fish presence on odonates 
 
3.2.1 Comparisons of species and individual means between fish-inhabited and fishless 
ponds 
 
The differences between fish-inhabited and fishless ponds were statistically significant in 
number of unique species (t=-2.127, p=0.05) (Fig. 9 and odonate Shannon’s diversity index 
(t=-2.846, p=0.01). There was no statistically significant difference in adjusted species or all 
taxa between the fish-inhabited and fishless ponds. A concise listing of differences is 
presented in Table 2.  
 
Table 2. The basic comparisons between fish-inhabited and fishless ponds (Welch t-test). 
            
Means With fish Without fish t p fdr 
Exact species 7.37 4.92 -2.127 0.05 0.075 
All taxa 10 8.58 -0.805 0.434 0.46 
Individuals, species id. 98.9 74.9 0.7563 0.46 0.46 
Odonata, H’  1.34 0.8 -2.846 0.012 0.072 
Area, m2 3262 1381 -2.315 0.042 0.075 
Vegetation, H’ 1.61 1.31 2.25 0.04 0.075 
 
The number of all individuals was not normally distributed in fish-inhabited ponds 
(Shapiro-Wilk, W=0.768, p=0.013). The number of individuals did not differ statistically 
significantly between fishless and fish-inhabited ponds (Wilcoxon rank sum, W=54, p=0.67).  
The fish-inhabited and fishless ponds did not differ in number of individuals identified to 
species level (t=0.756, p=0.46) (Fig. 10).  
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Fig 9. Comparison of unique species recorded in fish-inhabited and fishless ponds. The 
difference between fish-inhabited and fishless ponds is statistically significant (Welch t=-
2.1269, p=0.049). Compare to Fig. 10. 
 
 
Fig. 10. All individuals recorded in fish-inhabited and fishless ponds. The difference in 
number of all individuals did not differ significantly between fishless and fish-inhabited 
ponds (Wilcoxon’s W=54, p=0.67). Compare to Fig. 9. 
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Comparing the density plots first suggests non-normal distribution in number of all 
individuals in both fish-inhabited and fishless ponds (Fig. 11); however, only in fish-inhabited 
ponds was the individual distribution non-normal (Shapiro, W=0.768, p=0.013). 
 
Fig. 11. Density plot of individuals in fish-inhabited and fishless ponds. Compare to Fig. 12. 
 
3.2.2 The differences in odonate diversities between fish-inhabited and fishless ponds 
 
The difference in evenness was estimated using both Simpson’s and Shannon’s diversity 
indices. The Simpson diversity indices did not differ statistically significantly from each other 
(Wilcoxon’s W=23, p=0.057) (Fig. 12). The Shannon’s diversity indices were different 
between fish-inhabited and fishless ponds (Wilcoxon’s W=21, p=0.039) (Fig. 13). The 
density plots for both indices were quite similar.  
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Fig. 12. The density plot of Simpson’s diversity indices between fish-inhabited and fishless 
ponds. 
 
 
 
 
Fig. 13. The density plot of Shannon’s diversity indices between fish-inhabited and fishless 
ponds. 
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3.3 The effect of sampling on number of species 
 
The correlation between the number of collected individuals and the number of detected 
species was statistically significant when plotting all collected individuals against all species 
(Kendall’s tau = 0.3714, p=0.025), but the total number of all collected individuals did not 
correlate significantly with the number of unique species collected (tau=0.231, p=0.168), nor 
with adjusted species either (tau=0.267, p=0.114).  When assessing the effect  of numbers of 
collected samples against taxa and individuals (Kendall rank correlation), a clear correlation 
was found between the number of samples and number of all individuals (tau=0.3716, 
p=0.03), all taxa (tau=0.4065, p=0.02) and unique species (tau=0.4959, p<0.01).  
 
3.4 The effect of vegetation, exposure and area 
 
Vegetation’s Shannon’s diversity index correlated significantly with numbers of exact 
(tau=0.605, p<0.001) (Fig. 14) and adjusted (tau=0.612, p<0.001) species. Vegetation’s 
Shannon diversity correlated noticeably, yet not statistically significantly, with number of all 
species (tau=0.45, p=0.007). The correlation between odonate Shannon diversity and 
vegetation’s Shannon diversity was also strong, with tau=0.4947, p=0.002. Increasing 
vegetational diversity does increase odonate species diversity. There was no significant 
correlation between numbers of larvae and vegetation’s diversity (Fig. 15). 
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Fig. 14. The correlation between vegetational diversity (Shannon’s H’) and exact species. 
 
 
Fig. 15. The relationships between vegetational diversity and all individuals. The difference is 
not statistically significant and trend is unclear. 
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The presence of Sphagnum mosses was a significant community structure factor in some of 
the ordinations (see 3.8). To further assess the effect, the relative cover of Sphagnum mosses 
was compared against the number of unique species and the general odonate H’. The Kendall 
rank correlation was significant when comparing unique species to relative Sphagnum peat 
cover (tau=0.6286, p<0.001) and when comparing odonate H’ to relative Sphagnum cover 
(tau=0.5435, p<0.001). However, Sphagnum mosses were more reliably present in fish ponds 
(Wilcoxon W=16, p=0.015), so the effect might be a result of more permanent ponds having 
more Sphagna. Although Kruskal-Wallis (the distribution of Sphagnum relative cover was not 
normal) failed to find a statistical significance between ephemerality and Sphagnum cover 
(5.247, p=0.07) (Fig. 16), the results below heavily indicate a true phenomenon.  
 
 
Fig 16. The relative cover percentage of Sphagnum peat mosses in different ephemeralities. 
 
The plant diversity also decreased with increasing ephemerality. The permanent ponds had 
highest architectural diversity, the ephemerals had the lowest. The difference between the 
groups is statistically significant (Kruskal-Wallis 7.6857, p=0.02) (Fig. 17). 
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Fig 17. The vegetational diversity between different ephemerality groupings.  
 
The effect of exposure (=compass direction) was tested. There was no statistically 
significant relationship between the compass direction and the number of individuals 
collected (Kruskal-Wallis chi-squared=4.843, p=0.68). There was no significant difference 
between individual number between north and south exposures either (Wilcox W=645, 
p=0.82). 
 
3.5 The effect of season on larvae numbers 
 
Most species spend their autumn and winter as larvae. Lestidae and some Libellulidae, 
however,  do  not  –  Lestes and Sympetrum spp. overwinter as eggs, and Sympecma paedisca 
(Lestidae) overwinters as an adult. However, since many species still overwinter as larvae and 
have their breeding period from May to August, it could be assumed that larvae numbers 
increase in late autumn. This was tested by comparing total individual counts in spring and 
autumn seasons. The variances between the seasons were not equal (Levene’s F=10.184, 
p<0.01), and the distributions in individual numbers were not normal (Shapiro-Wilk). The 
difference in larval numbers was statistically significant (Wilcoxon W=5232, p<0.001) (Fig. 
18).  
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Fig 18. All individuals in spring and autumn. Statistically significant difference, more 
individuals were collected in autumn samples. 
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3.6 The effect of ephemerality on Odonata 
 
The ephemerality of the pond had a considerable effect on the number of unique species 
recorded at a pond. Semipermanent and permanent ponds were not very different from each 
other, but ephemeral ponds had low numbers of exact species (Fig. 19). The difference 
between the groups is statistically significant (Kruskal-Wallis 5.9599, p=0.05). When 
measuring all individuals, the difference between groups was not statistically significant as a 
whole (Fig. 20). Welch t-test showed statistically significant difference in individual numbers 
between permanent and ephemeral (t=6.107, p<0.001) and semipermanent and ephemeral 
(t=3.7033, p=0.01) ponds.  
 
 
Fig 19. The exact species across the three ephemerality categories. Ephemeral is statistically 
different from semipermanent and permanent ponds. 
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Fig 20. The number of all individuals across the three ephemerality categories. 
 
The ephemeral ponds also had much reduced levels of vegetational diversity. The 
difference between groups was statistically significant (Kruskal-Wallis chi-squared 7.686, 
p=0.02) (Fig. 21). 
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Fig. 21. The vegetation’s Shannon diversity among the three ephemerality categories.  
 
Ponds with fish were significantly larger than ponds without (t=-2.315, p=0.042). The area 
did not have an effect on number of individuals recorded. The correlation between unique 
species and area was strong, yet fell right below the threshold of statistical significance, with 
Kendall’s tau=0.3207, p=0.058 (Fig. 22). The pond area did not correlate statistically 
significantly with either number of unique species, number of all individuals or even odonate 
Shannon’s diversity index (Kendall’s rank correlation). Species-area relationship can 
probably only explain a part of the trend. 
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Fig 22.  Correlation between the area (square meters) and the number of exact species. A 
trend can be visually estimated, but the correlation is not significant (tau=0.3207, p=0.058). 
Note the different sample sizes and large variance. The large fishery pond in Oskola area is 
clearly different from other ponds. 
 
PH and electroconductivity did not correlate meaningfully with either numbers of all 
individuals or numbers of all or exact species (data not shown).  
  
 41 
 
3.7 Ordinations of odonate communities 
 
The main methods used in ordinations were NMDS and DCA. PCA did not yield meaningful 
result (data not shown). Nonmetric multidimensional scaling using Wisconsin/square root 
transformation with species abundance data showed clear pattern, with fish ponds 
concentrating on other end of NMDS1 (Fig. 23). Non-transformed ordination is shown for 
comparison (Fig. 24). 
 
 
Fig 23. NMDS with Bray-Curtis distance, Wisconsin and square root standardizations. 
Fishless and fish-inhabited ponds seem to form clear clusters when using NMDS with 
Wisconsin-transformed data and Bray-Curtis dissimilarity. NMDS1 has a clear gradient from 
fishless to fish-inhabited ponds. 
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Fig. 24. NMDS with species abundance data, no Wisconsin transformation. The data is 
heavily skewed by Louhikorpi sample, trends other than NMDS1 are not immediately visible. 
 
To see if Euclidean distances would effect the ordination, the NMDS with Wisconsin 
double standardization was also ran using Euclidean distance matrix (Fig. 25). 
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Fig. 25. NMDS, Euclidean distances, Wisconsin transformation. Fitting the data into 
Euclidean distance,  not Bray-Curtis dissimilarity,  yields a similar result  to Bray-Curtis,  with 
ponds with fish clustering into one end of NMDS1. The effect of Wisconsin transformation 
becomes clear. 
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To further inspect the effects of transformations and distance matrices, a NMDS without 
transformation and with Euclidean distances was also ran (Fig. 26). 
 
 
Fig 26. NMDS, Euclidean distances, no transformations, species abundance data. The results 
are not readily clear, but fish-inhabited ponds still form their own cluster with lots of overlap. 
Fishless ponds arrange along NMDS1 axis. Wisconsin transformation has an effect on the 
sensibility of ordinations. 
 
Detrended correspondence analysis was performed to compare the results of NMDS to 
another widely used ordination method. DCA showed results very similar to NMDS (Fig. 27). 
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Fig. 27. Detrended correspondence analysis of site data, rare species downweighted, 
species  abundance  data.  The  DCA  shows  surprisingly  similar  results  to  NMDS.  The  fish  
ponds and fishless ponds form clear groups along the DCA axes. Although the relative 
positions  of  sites  are  often  different  from  NMDS,  the  overall  result  supports  the  study  
hypothesis of fish ponds being different from fishless ponds. 
 
Using only species abundance data in ordinations and other analyses does not necessarily 
reflect the reality of communities. Therefore, the exuviae data was also used for both NMDS 
(Fig. 28) and DCA (Fig. 29).  
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Fig 28. The presence-absence data in NMDS shows that most of the fish-inhabited ponds are 
relatively  similar  to  each  other  –  except  for  Louhikorpi.  The  fishless  ponds  do  not  cluster  
clearly, but fish-inhabited do. 
  
Fig 29. Detrended correspondence analysis with rare species downweighting in presence-
absence data.  
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3.8 Fitting environmental variables to ordinations 
 
The environmental variables were plotted to ordinations using the vegan – envfit command. 
This command fits the environmental factors as vectors; it finds the rapid change of 
environmental variables and plots the vectors to maximal correlation of the ordination called.  
Fitting environmental variables to NMDS (species abundance, Bray-Curtis, Wisconsin 
transformation), using the “p-value” of Pr>r of 0.05, found several variables that explained 
the community structure (Fig. 30). Using these confidence levels, the DCA found only one 
fitting vector (Fig. 31), but see Discussion. The fitted factors and their explaining power are 
listed in Table 3. 
 
Table 3. The environmental variables and their exaplanationary power. The values are based 
on 999 permutations. Significant values are bolded. Presence-absence includes exuviae. 
NMDS uses Bray-Curtis dissimilarity, Wisconsin transformation. DCA uses downweighting 
of rare species. 
                  
 Exact species Presence-absence 
 NMDS DCA NMDS DCA 
Environmental 
variable r2 Pr(>r) r2 Pr(>r) r2 Pr(>r) r2 Pr(>r) 
pH 0.2613 0.105 0.2843 0.27 0.3062 0.06 0.4167 0.03 
EC 0.2705 0.114 0.1475 0.547 0.1154 0.445 0.2415 0.176 
Area 0.1628 0.301 0.6858 0.009 0.1661 0.273 0.1182 0.426 
Vegetation, 
Shannon's H' 0.4592 0.02 0.4022 0.118 0.1813 0.225 0.2027 0.256 
Tree 0.3202 0.091 0.2264 0.236 0.1375 0.241 0.1136 0.377 
Sphagnum 0.4999 0.007 0.5837 0.017 0.098 0.5 0.1141 0.474 
Mosses 0.0339 0.754 0.0815 0.509 0.0586 0.409 0.03 0.704 
Short sedges 0.4683 0.013 0.1902 0.433 0.0174 0.898 0.1276 0.411 
Tall sedges 0.0482 0.73 0.1748 0.403 0.0741 0.495 0.1968 0.221 
Reed 0.1066 0.451 0.3617 0.175 0.1061 0.377 0.0316 0.823 
Float-leaved 0.1845 0.235 0.0162 0.941 0.0074 0.952 0.0108 0.936 
Submerged 0.0517 0.685 0.18 0.35 0.0058 0.96 0.0324 0.781 
Open 0.0657 0.632 0.1773 0.46 0.0688 0.605 0.058 0.696 
Dwarf shrubs 0.4233 0.019 0.6059 0.04 0.4834 0.038 0.5145 0.031 
Presence of 
fish 0.3718 0.001 0.4185 0.008 0.098 0.16 0.0037 0.921 
Ephemerality 
index 0.4111 0.002 0.2417 0.218 0.1184 0.34 0.0244 0.919 
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Fig. 30. Fitted environmental factors in NMDS with significance limit of 0.05.  
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Fig. 31. Fitted environmental factors in DCA with significance limit of 0.05. Only the relative 
cover of Sphagnum peat mosses explains axis DCA1.  
 
Both  ephemerality  and  the  presence  of  fish  were  significant  factors  in  both  NMDS  and  
DCA ordinations of odonate communities (Fig.  32 and Fig.  33 respectively).  The difference 
between fish-inhabited and fishless ponds was clear. The factors formed non-overlapping 
groups in both NMDS and DCA.  
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Fig. 32. Fish factor centroids for NMDS.  
 
 
Fig. 33. Fish factor centroids for DCA. 
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When fitting the ephemerality factor the results were also clear in NMDS (Fig. 34). There 
were only two ephemeral ponds in material. There is a slight overlap in semipermanent ponds 
between  both  ephemeral  and  permanent  ponds.  In  DCA  (Fig.  35)  the  overlap  was  more  
significant, with ephemeral ponds nearly falling inside the boundaries of semipermanent 
ponds.  
 
Fig. 34. The fitted factor centroids for permanence-ephemerality in NMDS. Neighbouring E- 
and W-kangas ponds are very close to each other, despite Wkangas being semipermanent and 
Ekangas drying out completely in 2013. 
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Fig. 35. The factor centroids for permanence-ephemerality in DCA. Note the overlap area and 
compare to NMDS factor fitting. 
 
Plotting  the  species  data  into  NMDS  shows  a  clear  clustering  of  most  of  the  common  
species, yet the most numerous species (Coenagrion hastulatum) and several rare species lie 
outside the normal clusters (Fig. 36).  
 53 
 
 
Fig. 36. The sampled species. The largest clustering of species concentrates around more 
permanent fish ponds, but outliers – such as C. hastulatum, the most ubiquitous species in 
data – remain. 
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4 DISCUSSION 
 
4.1 The difference of odonate communities in fish-inhabited and fishless ponds – 
decoupling environmental variables 
 
The observed difference in odonate fauna between fish-inhabited and fishless ponds was 
clear. However, whether such a difference really rises from only the presence of fish is not 
straightforward. It can be argued that the study question about the effect of fish on odonate 
communities could also be framed as presence or absence of Triturus cristatus,  since  no  
fishless  pond  that  did  not  harbour  a  T. cristatus population were included in the study. T. 
cristatus is a generalistic predator, and in aquatic stage adults do feed on odonate larvae 
(Fasola & Canova 1992). However, the larger odonate larvae are most likely too large prey 
items, so T. cristatus predation would focus on smallest instars. With odonate larvae being 
predators of newt larvae, the relationships between odonates and newts could draw parallels 
to relationship between odonates and fish, even though largest Aeshna and large T. cristatus 
adults are not probably each other’s prey. Dixon & Baker (1988) found that fish predation 
effects the larger instars of Ischnura verticalis (Say,  1839)  more  than  the  smaller  instars.  
Conversely, the small larvae of Coenagrionidae are probably good food resource for newts, 
including T. cristatus, so predation pressure differentials could therefore be expected to be 
different. In study material, the number of small, unidentified Coenagrionidae larva were 
similar in ponds with fish as in ponds without fish. All Coenagrionidae were a bit more 
common in fishless ponds, but the difference was not statistically significant. It could be sage 
to reframe the topic as “The difference of odonate communities under different predation 
pressures”, but since data is unable to handle that question, I leave it for future research. 
Likewise, since no fish communities were analysed, the effect of fish community on odonate 
community could not be assessed. Wittwer et al. (2010) discovered that different fish 
communities had a profound effect on the structure of odonate communities.  
The species-area relationship is an interesting factor in the study material. The pond area 
did not correlate statistically significantly with either number of unique species, number of all 
individuals or even odonate Shannon’s diversity index (Kendall’s rank correlation). A trend 
was detectable – for example Kendall’s rank correlation gave a correlation of area to number 
of unique species with tau=1.9038 and p=0.056 – but area as an explaining variable did not 
yield statistically significant results.  Species-area relationship can probably only explain a 
part of the trend. 
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Regarding plants, the ephemerality can be considered as a disturbance. Since disturbance-
diversity patterns in plants are manifold (Denslow 1980) and the disturbance in ephemeral 
ponds limits both obligatorily aquatic and obligatorily terrestrial plants, it is likely that 
drought in aquatic enviroments heavily limits the potential flora. The significant vegetational 
diversity difference between different ephemerality categories shows highly reduced diversity 
in ephemeral ponds. Since only certain vegetational architectural groups were assessed, it 
could be possible that the different flora escapes the used classification. This seems unlikely – 
the ephemeral ponds consistently had a few very dominant species and a noticeable lack of 
several plant groups (Fig. 37). 
 
 
Fig. 37. Ephemerality is a natural phenomenon. In spring, a total of 7 samples were collected 
from this site. The samples contained 3 species and 151 individuals, including 3 unidentified 
libellulid larvae, 143 C. hastulatum larvae and 2 unidentified Coenagrionidae sp. During 
summer, the pond dried out completely. Lestes dryas adults were recorded in autumn period, 
and the species probably breeds at the site. The fate of C. hastulatum larvae is unclear; the 
species has at least 1-year developmental cycle. The site could be a classical trap site with a 
sink population for many species, yet a solid habitat for fast-growing univoltine species, such 
as Lestes spp. The vegetational structure is dominated by semiaquatic herbs such as Myosotis 
scorpioides, Molinia caerulea and some drought-tolerant aquatic plants, such as bur-reeds 
(Sparganium spp.). 
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When observing fitted environmental variables, the area was a weakly explaining factor 
(Pr(>r) = 0.057 in species abundance NMDS, with numbers fluctuating between 0.09 and 
0.052 depending on the NMDS). When plotting area vector in NMDS plot, the area vector 
seemed to partially explain the NMDS2 axis. Too much uncertainty and variation remains to 
assume anything about the effect of area. 
Although the fish-inhabited ponds showed higher odonate and vascular plant diversity, the 
odonate diversity did not meaningfully correlate with area per se. It is possible that the simple 
measurement of area is not an ecologically sensible choice. The odonate larva are not free-
swimming. The Sphagnum peat mosses, for example, form a vast space of relative cover. As 
prey items also favour the edge, the volume or area of suitable microhabitat might be an 
explaining factor for larvae. The small larvae or Leucorrhinia dubia favoured peat moss in 
Henrikson (1993), which was in line with field observations as well. Heino (2000), in a study 
quite similar to this thesis, discovered that habitat heterogeneity – a factor that included 
vegetational diversities as well – was an important factor in macroinvertebrate assemblages.  
Thus, the non-presence of fish in ephemeral ponds does not in itself necessarily explain 
anything, but is simply a factor of other biotic and abiotic constraints in the habitat, which 
also constrain the presence of fishes. To assess the true effect of fish on odonate diversity in 
natural or seminatural habitats, the choice of fishless ponds should focus more on large, more 
permanent fishless ponds. 
 
4.2 Inferred effects of vegetation on odonate communities 
 
The effect of vegetation seems relatively clear-cut, but some issues remain. The effect of fish 
presence to vegetation could not be measured using the present data. The fish species 
composition undoubtedly affects the biotic variables of the ponds, and the structure of fish 
communities affect the ponds’ vegetational structure and diversity as well (Brönmark & 
Weisner 1992). The effect of fish species assemblages might be stronger than the pure 
presence fish in permanent ponds, effecting vegetation and, directly, odonates as potential 
prey (Wittwer et al. 2010). In study material vegetational diversity seemed to decrease with 
increasing ephemerality. This should not be surprising- the ephemeral aquatic habitats are 
very unstable, transitional habitats.  
The effect of vegetation to invertebrate diversity has been studied before. Whatley et al. 
(2014), when inspecting overall aquatic invertebrate fauna, found that the emergent vegetation 
functioned as secondary structural component in peatland drainage ditches, while the larger 
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peatland type dictated the species composition. Sahlén & Ekestubbe (2001) found out that the 
ponds rich in emergent plants supported a higher odonate species richness. The apparent 
difference might be just a result of different assessment methods and accuracy, as well as the 
effect of species’ life history – Ball-Damerow et al. (2014) found that the regional factors 
were more important in Anisoptera than in Zygoptera, which were more affected by local 
habitats. Thus the distribution is probably affected by complex interactions in both landscape 
and habitat level, influenced by the availability of suitable habitat, as well as dispersal of 
potential species from source populations. 
Honkanen et al. (2011) found that the water vascular plant diversity was a major factor in 
odonate  species  diversity.  In  their  study  Sphagnum peat cover was not significant factor. 
Their data also had over 6000 larvae and over 2000 exuviae from 26 ponds, indicating the 
more precise nature of their study when comparing to this thesis. Remsburg & Turner (2009) 
discovered that the riparian and littoral vegetational diversity had an effect on larval diversity, 
indicating a complex interaction between adult and larval life histories. Raebel et al. (2012) 
also noted increased odonate diversity in ponds with more vegetation. Schindler et al. (2003) 
used DCA to analyse the effect of environmental variables to odonate assemblages, and found 
that floating macrophytes and reed were important in determining odonate distribution. The 
observed effect of Sphagnum moss increasing the odonate Shannon diversity and species 
count is interesting. Henrikson (1993) found that Leucorrhinia dubia larvae prefer Sphagnum 
as microhabitat. Vegetational diversity might be highly linked to microhabitat availability and 
underwater habitat heterogeneity. 
The heterogeneity of sampling sites might twist the ordinations, so clarification of results is 
needed. For example, dwarf shrubs seemed to explain the ordination structure in many 
different ordinations. This is not necessarily a true phenomenon, but an artefact of the 
sampling. Louhikorpi (Fig. 38) is a prime example, and was often a visible “outlier” in 
ordinations: it had a differing vegetational structure compared to other locations, a high 
relative cover of dwarf shrubs, and it harboured a population of lentic Pyrrhosoma nymphula 
damselfly. Dwarf shrubs were also recorded only in permanent sites.  
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Fig.  38.  The  species  composition  of  Louhikorpi  was  heavily  dominant  in  some  of  the  
ordinations. The deep forest stream was a habitat for Pyrrhosoma nymphula, and several 
larvae were netted from stream ends. The species is essentially lentic species and its discovery 
was not anticipated when choosing sampling sites. The sieve and additional buckets, as well 
as the handle of the net can be seen in the right side. The site itself was very “typical” 
peatland pond, with nearly vertical Sphagnum edges, float-leaved plants and bog vegetation, 
but with comparatively high cover of dwarf shrubs (quite normal for bogs).  
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4.3 Comparing individual and species counts  
 
It has been known for a long time that increasing sampling intensity and the number of 
individuals collected increases the number of species detected (Fisher et al. 1943). Therefore, 
the result that the number of individuals did not significantly effect the number of species 
might seem surprising. However, the number of samples collected from a pond did, in fact, 
correlate with the number of species. The result is most easily explained by the great 
heterogeneity of different ponds – even the most sampled ponds sometimes had low 
individual numbers, and some fishless ponds had large individual counts. Some samples were 
also dominated by almost completely by single species – example includes one ephemeral T. 
cristatus –pond, where one single sample had 90 C. hastulatum –larvae – more than the entire 
count of all individuals in a permanent, larger pond. Since individual larvae numbers did not 
differ between fish-inhabited and fishless ponds, yet the number of samples and odonate 
diversities did, the results support higher eveness and smaller species diversity in fishless, 
often ephemeral ponds.  
 
4.4 Notes on sampling methodologies of odonate larvae 
 
The netting of odonate larvae has been performed using a variety of means. Sahlén & 
Ekestubbe (2001) used a 50 cm section outwards from the shoreline. Elo et al. (2015) do not 
specify their sampling scheme in detail, and say they used “two strong sweeps” per sample 
and three samples per site in a randomly selected area. Neither is the particular netting pattern 
expressed in Honkanen et al. (2011), although they standardized the number of sweeps to 
meters of shoreline. Koch et al. (2014) used a more subjective method of at least three 
nettings per sample, not taking samples from deeper than 0.5 meters. Drinan et al. (2013) also 
sampled “mesohabitats” and standardized sampling time, not the number of sweeps. Hoffman 
& Mason (2005) used a standard kick-net procedure while sampling odonate larvae in a river 
catchment. 
Overall, the author suggests that future studies should increase the portion of large larvae 
by using more robust sampling methods, since the study goal is a quantitative sample of 
larvae. Although scientifically vigorous sampling of detritus and empty water does give more 
credibility to results, it is not necessarily productive. 
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4.5 Notes on field equipment and practical suggestions 
 
The setup of the larva sieve was a considerable source of possible problems and increased 
time spent on specimen collection. However, several constraints were considered necessary, 
and not all of the problems could have been avoided. An unlucky combination of prototyping 
and legal constraints led to increased workload. The sieve itself is was a novel design, but 
other sorts of sieves have been used before (J. Latva 4/2013, pers.comm). 
Since the sampling period in the spring coincided with the breeding season of legally 
protected T. cristatus, certain safety features were considered necessary to prevent 
unnecessary damage to small, largely immobile T. cristatus larvae. MSc Ville Vuorio came 
up with the practical solutions. These features included a minimum acceptable sieve size and 
a water/small-diameter matter collection container, where the young T. cristatus larvae would 
stay alive during the collection. The water in this container would contain small animals, 
small-particle debris and T. cristatus larvae. The setup, while safe for T. cristatus larvae, led 
to some complications. 
The sieve itself proved functional, but needs some further development. The bulky shape 
without harnesses caused trouble while reaching some sampling ponds. The weight was not 
an issue, only the external proportions. The top sieve net with 2 cm sieve diameter was soon 
discarded as redundant, and only the 1 cm, 5 mm and 2.4 mm sieves were frequently used. 
Even the 1 cm sieve was sometimes redundant, since the sediments were often so fine-grained 
as to only collect to the 2.4 mm sieve, if even there.  
The construction of the sieve itself proved adequate or near satisfying. The sieve setup can 
be  expected  to  function  for  about  100-300  hours  before  it  starts  to  break  down  due  to  UV  
radiation and physical stress, usually in the corners or sieve net attachment. Catastrophic 
breakdown happened once, when the bottom container broke before collection. Spare 
containers are recommended. The sieve parts themselves proved to be surprisingly sturdy. A 
more ergonomic and mobile prototype should be assembled for further studies. A standard 
benthic invertebrate sieve is not suitable for field work with odonates, but the basic 
construction could offer valuable clues for constructing a functional odonate sieve. However, 
the builder should consider maximizing sieve net area to minimize the depth of the substrate 
under inspection. Pay specific attention to lighting: small larvae can only be found reliably 
under relatively good lighting conditions. The bottom container should be large and maximize 
volume. The container should be as flat-bottomed as possible. Special attention must be paid 
to sieve net corner reliability, net depression (the net should be as level as possible) and 
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height. In many cases the larvae stayed immobile, and started moving only when the sieve net 
was submerged.  
The sieve size of the smallest net was 2.4 mm, which was contemplated as minimum 
acceptable size. This sieve net diameter was successful in preventing T. cristatus trapping, but 
was also too large: most of the smallest odonate larvae, including many small Leucorrhinia, 
would escape through all the sieves and be collected in the collection container. The organic 
matter  also  had  a  tendency  to  block  both  the  middle  (5  mm)  and  the  bottom  sieve  nets,  
necessitating a liberal use of pond water to clear the specimen substrate. Often, the collection 
container would contain over 15 liters of brown or greyish water mixed with humic 
substances, a wide array of small invertebrates, algae and detritus. Picking the small odonate 
larvae  from  this  proved  to  be  very  laborious:  at  worst,  a  single  sample  could  take  over  30  
minutes  to  inspect.  This  led  to  1)  very  long  handling  times,  which  had  a  negative  effect  on  
morale, work load and discovery rate, and 2) a large proportion of small larvae, many 
unidentifiable to species level.  
The problem with workload was most noticeable in eutrophic waters, where a single 
sample could contain dozens of odonate larvae accompanied by various assortments of 
Heteroptera, Ephemeroptera, Daphnia, Coleoptera, water lice etc. and the collection container 
would be filled to the brim. This had to be searched manually, using a small, white bucket as 
an additional tool. The problem with small larvae led to overabundance of smallest larvae, 
diminishig the relative amount of specifically identifiable larvae and creating unnecessary 
noise. For future purposes, the author suggests deciding on a minimum acceptable sieve net 
diameter and filtrating the smallest matter straight back into the pond, thus exchanging 
individual specimen numbers for reduced sampling time and effort, preferably leading to 
increased sample number and more specific species distribution information. Also, the 
smallest larvae are often not identifiable to species level, so losing them is not necessarily a 
great loss, even though some info is lost. The netting pattern, 1.5 meters perpendicular to the 
shoreline, is also not necessarily the best (see 4.1 for more examples). For future purposes, the 
netting transect should be along the shoreline, netting maximum amount of edge, or be shorter 
in  lenght.  This  is  especially  true  for  deep,  peat  moss  ponds,  where  the  drop  from  shore  to  
bottom might be several meters and vertical. Sometimes the thick peat edge overhangs the 
water, so most of the netting is simply sieving empty water. In many ponds, only the 
immediate shoreline is covered in aquatic vegetation, and the bottom is fine detritus, which 
leaves the net full and leads to considerable increase in handling time. Instead of one large 
sample with lots of detritus, a two- or three-sweep pattern with more judicious netting 
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location could probably result in greater accuracy in species distribution and larger effective 
sample size (e.g. Elo et al. 2015). 
 
4.6 The net, mesh size and particulate organic matter 
 
The net, using 750µm mesh, was too fine in many peatland water and prevented pre-sampling 
filtration of finest particles. Other studies have used both fine and coarser meshes. Honkanen 
et al. (2011) used a fine net of 1 mm2 and Elo et al. (2015) used a “fine mesh size appropriate 
even for the smallest larvae”. Seifert & Scheu (2012) used a fine 500µ mesh, Sahlén & 
Ekestubbe (2001) used 1.5mm2 mesh, and Wittwer et al. (2010) used a 1.5mm mesh size. For 
further macroinvertebrate purposes, I would recommend a relatively coarse mesh size to 
decrease the amount of organic matter, unfiable larvae and detritus. This has the effect on 
losing some of the sampling material, but will decrease workload significantly. A 4mm2 mesh 
will already be so large as to miss most of smaller Zygoptera larvae. The basic setup of the 
sampling net was, however, extremely rugged and durable and the net performed admirably in 
a variety of uses, including support in rough terrain. The all-metal construction was an 
occupational hazard during the late-summer thunderstorms.   
 
4.7 Choosing between larvae, exuviae and adult odonates in survey 
 
Choosing  the  particular  phase  of  life  cycle  of  odonates  to  be  used  as  a  survey  tool  is  an  
ungrateful  choice,  and  discussion  of  which  particular  stage  to  use  in  surveying  and  how  to  
survey them is going strong (see below). The choices boil down to four possibilities: larvae, 
exuviae, adults or a combination of them, usually adults and exuviae.   
Exuviae are simple and elegant, yet require calm and not rainy weather and multiple 
samplings per site per period (Raebel et al. 2012). They are also exact and provide good data 
on the actual status of the pond (Raebel et al. 2010). The presence of an exuvia is an 
uncontroversial proof that the species successfully breeds at a site. The differences between 
adults and exuviae recorded at a site have been used to assess habitat selection cues 
(Hardersen 2008). The differences between adult and exuviae material might be dramatic, 
with some species being common in one life phase, yet almost non-existent in another 
(Hardersen 2008). This might signal adult dispersal, ecological traps or detection difficulties.  
Bried et al. (2012b) comment that exuviae are laborious and avoid positive bias, yet are not 
perfect tool since many species remain undetected. 
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Adult odonates are migratory and difficult to estimate to provide a good quantitative data, 
yet are easy to identify and observe, and the collected data can be used immediately, without 
time-consuming laboratory work. The results from pure adult recording scheme can be highly 
biased (Hardersen 2008, Raebel et al. 2010), and bias in species detectability is a well known 
and widely studied phenomenon (e.g. Fitzpatrick et al. 2009). Kutcher & Bried (2014) 
conclude that contrary to conclusions drawn by Raebel et al. (2010) adult odonates might 
indicate conditions at breeding site. Even they recommend using both larval material and 
adults. The dispersion of adults (see Chapter 1.3) is a possible error source. The time spent 
recording individuals is also meaningful (e.g. Bried et al. 2012a). In time-limited survey, a 
robust assessment of research constraints is therefore needed. Overall, the adults are the most 
recorded phase of odonate life cycle. 
Larvae are small, laborious, difficult to identify and always surprising, yet provide lots of 
material and theoretically a relatively comprehensive view on the community. Larval 
sampling in studies regarding Odonata is rarer than sampling adults, but for relatively recent 
examples, see e.g. Sahlén & Ekestubbe (2001), Hoffman & Mason (2005), Wittwer et al. 
(2010), Honkanen et al. (2011) and Elo et al. (2015).  
 Smaller larvae are not always reliably identifiable to specific or even generic level, and 
small larvae have been rejected from some analysises (Sahlén & Ekestubbe 2001). Even 
larger larvae may sometimes evade species identification, which is not the case with adult 
odonates. The life histories of the larvae may have a surprisingly large effect on the samples. 
For example, Libellula quadrimaculata and Cordulia aenea are among our most visible large 
odonates, but in larval samples their numbers fell far beyond those of Leucorrhinia and 
Coenagrionidae, especially Coenagrion hastulatum –  both  very  common  too.  Also  as  
previously mentioned, some species that are ubiquitous as adults were rare as larvae, and this 
effect is known elsewhere (M. Elo 1.11.2014, pers.comm). This skews the analysis and is a 
source of frustration. For example, Erythromma najas simply “should” be more common in 
the data, since adults were seen everywhere. Thus, the observer will have some issues on 
accepting all results at face value, since results are so surprising and species compositions 
somewhat unorthodox to completely fit the previous “grey theoretical framework”. The only 
way to reduce the weird skewedness would be to use adult, exuviae and larval records 
together, or collect more samples – which is hardly desirable due to sheer workload involved. 
On the other hand, such skewedness is itself an interesting phenomenon – the reasons for it 
can also be hypothesized about and would be an interesting research question on their own. 
The results also teach criticism to the subject. 
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The exuviae material cannot be used independently. The method of collection of exuviae at 
the number of study sites was simply not possible to provide of quantitative data. Collecting 
exuviae to provide quantitative data requires a standardized method and many sampling times 
(e.g. Foster & Soluk 2004), since the exuviae are light and fragile. Thus, random sampling at 
long intervals simply does not give a quantitative overview of fauna – for example, the 
exuviae are often destroyed by rain. However, the exuviae do provide additional qualitative 
data. 
The decision to base the community analysis on both the quantitative numbers of larvae 
and the presence-absence data provided by both larvae and exuviae, yet excluding adults, was 
taken to bring compability with other studies performed with odonate larvae. It was also 
chosen to lengthen the potential specimen collection period, increase the author’s knowledge 
of the subject and to minimize the unnecessary noise brought on by dispersing adult odonates. 
Since collecting larvae is not weather-dependent, using larvae removed the weather 
restrictions so common with adult odonates. 
The presence-absence data of odonate communities was much more diverse and not as 
neatly clustered as the larval material. The patterns were somewhat resembling of species 
abundance data. The combination of exuviae data and larval data might not work, unless more 
time is spent on searching for exuviae than was used in this study. This increases workload, 
sampling times and research costs. In future, exuvia sampling should focus on small, easily 
controllable areas. 
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4.8 Future research 
 
Attempting to decouple the presence of fish, the effect of fish community structure on 
odonate structure, effect of intraguild predation, ephemerality and habitat heterogeneity from 
each other is doable, and much of the groundwork has been laid out. A good, semi-controlled 
test requires good previous knowledge on study area’s ponds and their ecological variables 
and good pre-planning. Even with knowledge of certain biotic attributes of the ponds, the 
effects of permanence, metapopulations and local abiotic factors will always remain an issue. 
The intraguild multispecies predation relationships in ephemeral ponds remain quite 
unknown. Especially when combined with other predator-prey interactions, the effect of 
cannibalism on community structure might be significant in species with high biomass and 
low turnover rate. The differentiation of odonate communities under different predation 
pressures is inherently interesting.  
In natural systems, small, ephemeral ponds might be a good research system, since they 
often have a smaller degree of habitat heterogeneity and species diversity, limiting the number 
of potential interactions down to reasonably low number. However, the real issue is whether 
there can ever be a good model of complex intraguild predation systems. Even in high arctic 
ecosystems, considered simple by many, the number of interspecific interaction becomes 
extremely high (Roslin 2015).  
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5 CONCLUSIONS 
 
The presence of fish did not clearly diminish the odonate species diversity or individual 
numbers. Fish-inhabited and fishless ponds were clearly different in both NMDS and DCA 
ordinations, and fish-inhabited ponds supported a larger odonate diversity compared to 
fishless ponds.  
The presence of fish alone does not necessarily explain the observed differences in 
community structures, since the fish ponds were more permanent than fishless ponds selected 
for the study. Permanence, presence of fish and vegetational diversity are closely linked 
together. The presence-absence data, which included exuviae, used in this study did not yield 
visually meaningful results. 
The indirect effects of vegetational architecture, especially the microstructure availability 
and habitat heterogeneity, might be more important factor for odonata than simple presence of 
fish or strict vegetational diversity. 
Sampling of any single life stage should be approached with caution.  
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APPENDICES 
 
Nomenclature 
Appendix 1. Names and statuses of Finnish odonates. 
 
The scientific names, common vernacular names in English and Finnish and assesments of 
specific status in Finland (FIN) and North Karelia (NKar) of all Finnish odonata. 
          
Scientific name English name(s) Finnish name FIN NKar 
Calopteryx virgo Beautiful Demoiselle Neidonkorento C C 
Calopteryx splendens Banded Demoiselle Immenkorento C C 
Lestes dryas Robust Spreadwing, Scarce Emerald Damselfly Isokeijukorento U U1 
Lestes sponsa Common Spreadwing, Emerald Damselfly Sirokeijukorento C C 
Lestes virens Small Spreadwing, Willow Emerald Damselfly Hentokeijukorento V N 
Sympecma paedisca Siberian Winter Damsel Idänkirsikorento U2 N 
Ischunra elegans Common Bluetail, Blue-tailed Damselfly Hoikkatytönkorento C U 
Ischnura pumilio Scarce Bluetail, Scarce Blue-tailed Damselfly Keritytönkorento U/R2 N 
Enallagma cyathigerum Common Bluet, Common Blue Damselfly Okatytönkorento C C 
Coenagrion pulchellum Variable Bluet, Variable Damselfly Sirotytönkorento C U 
Coenagrion puella Azure Bluet, Azure Damselfly Eteläntytönkorento LC2 N 
Coenagrion hastulatum Spearhead Bluet, Northern Damselfly Keihästytönkorento C C 
Coenagrion lunulatum Crescent Bluet, Irish Damselfly Kuutytönkorento U U 
Coenagrion johanssoni Arctic Bluet Taigatytönkorento C C 
Coenagrion armatum Dark Bluet, Norfolk Damselfly Vihertytönkorento C3 U 
Erythromma najas Large Redeye, Red-eyed Damselfly Isotytönkorento C C 
Nehalennia speciosa Sedgling Kääpiötytönkorento R/V4 N 
Pyrrhosoma nymphula Large Red Damsel, Large RedDamselfly Punatytönkorento C C 
Platycnemis pennipes Blue Featherleg, White-Legged Damselfly Sulkakoipikorento C C 
Aeshna affinis Southern Migrant Hawker Hohtoukonkorento V5 N 
Aeshna mixta Migrant Hawker Etelänukonkorento LC2 N 
Aeshna grandis Brown Hawker Ruskoukonkorento C C 
Aeshna caerulea Azure Hawker Pohjanukonkorento LC C 
Aeshna cyanea Blue Hawker, Southern Hawker Kirjoukonkorento C C 
Aeshna viridis Green Hawker Viherukonkorento U/R8 U 
Aeshna juncea Moorland Hawker, CommonHawker Siniukonkorento C C 
Aeshna subarctica Bog Hawker Suoukonkorento C C 
Aeshna serrata Baltic Hawker Rannikkoukonkorento LC2 N 
Aeshna crenata Siberian Hawker Isoukonkorento C/U9 U 
  
Anax imperator Blue Emperor, Emperor Dragonfly Keisarikorento V6 N 
Anax parthenope Lesser Emperor Sormusukonkorento V5 N 
Anax ephippiger Vagrant Emperor Kulku-ukonkorento V5 N 
Brachytron pratense Hairy Hawker, Hairy Dragonfly Karvaukonkorento LC U 
Gomphus flavipes River Clubtail Idänjokikorento V5 N 
Gomphus vulgatissimus Common Clubtail, Club-tailed Dragonfly Aitojokikorento C C 
Onychogomphus forcipatus Small Pincertail Pihtijokikorento C C 
Ophiogomphus cecilia Green Snaketail Kirjojokikorento LC C 
Cordulegaster boltonii Common Goldenring, Goldenringed Dragonfly Purokorento C C 
Cordulia aenea Downy Emerald Vaskikorento C C 
Somatochlora metallica Brilliant Emerald Välkekorento C C 
Somatochlora flavomaculata Yellow-spotted Emerald Täpläkiiltokorento C C 
Somatochlora arctica Northern Emerald Hoikkakiiltokorento C C 
Somatochlora alpestris Alpine Emerald Aapakiiltokorento U10 U 
Somatochlora sahlbergi Treeline Emerald Tundrakiiltokorento U/R11 N 
Epitheca bimaculata Eurasian Baskettail Liitokorento C12 C 
Libellula quadrimaculata Four-spotted Chaser Ruskohukankorento C C 
Libellula depressa Broad-bodied Chaser Litteähukankorento U U 
Libellula fulva Blue Chaser, Scarce Chaser Sorjahukankorento U/R13 U/R 
Orthetrum cancellatum Black-tailed Skimmer Merisinikorento LC U 
Orthetrum coerulescens Keeled Skimmer Hoikkasinikorento U/R13 V 
Leucorrhinia dubia Small Whiteface, White-faced Darter Pikkulampikorento C C 
Leucorrhinia rubicunda Ruby Whiteface Isolampikorento C C 
Leucorrhinia pectoralis Yellow-spotted Whiteface Täplälampikorento LC U 
Leucorrhinia caudalis Lilypad Whiteface Lummelampikorento C C 
Leucorrhinia albifrons Dark Whiteface Sirolampikorento C C 
Sympetrum danae Black Darter Tummasyyskorento C C 
Sympetrum pedemontanum Banded Darter Vyösyyskorento V6 V 
Sympetrum sanguineum Ruddy Darter Verikorento U R/V 
Sympetrum flaveolum Yellow-winged Darter Elokorento C C 
Sympetrum striolatum Common Darter (Highland Darter =nigrescens) Lännensyyskorento LC N 
Sympetrum vulgatum Mustached Darter Punasyyskorento C C/U 
Sympetrum fonscolombii Migrant Darter, Red-veined Darter Kulkusyyskorento V7 N 
      
The list includes scientific name (Dijkstra-Lewington 2006), English vernacular names 
(Dijkstra-Lewington 2006 and Brooks & Lewington 2004), Finnish names 
(www.sudenkorento.fi), assesment of status in Finland (personal assesment), assesment of 
  
status in North Karelia (personal assesment, www.sudenkorento.fi). Brooks & Lewington 
2004 presents the old English vernacular names, which were unsuitable when used Europe-
wide, so new nomenclature was inventend for Dijkstra & Lewington 2006. 
The list is arranged according to taxonomy presented in Dijkstra-Lewington 2006.  
STATUS 
C = Common; easily found 
LC = Locally common; geographically limited area or strict habitat requirements 
U = uncommon; relatively rare or difficult to find even in superficially suitable habitats 
R = rare; only lives in few locations, very difficult to find 
V = vagrant; only sporadic records, successful breeding either very rare or not recorded 
N = not recorded 
Combined abbreviations indicate a species that fits more than one category. 
Annotations 
1 Inadequately known 
2 Southern-southeastern species 
3 Might be declining, often difficult to find 
4 Only one known stable population; some records indicate vagrancy 
5 Only one record from Finland 
6 Only two records 
7 3-10 records 
8 Very local, only breeds in lakes containing Water Soldier (Stratiotes aloides) 
9 Localized species, might be inadequately known 
10 Very rare in Southern Finland, more common in Lapland 
11 Only found in northernmost Lapland, where local and uncommon 
12 More common than sporadic observations indicate 
13 Apparently spreading, uncommon and local 
  
Appendix 2. Scientific synonyms of Finnish odonate species 
 
Since older literature, and even some guides still available commercially, sometimes use 
scientific synonyms, a concise list of most commonly found names is presented here, courtesy 
of the author. All synonyms are not given – Erythromma najas, for example, has two obscure 
synonyms not commonly found anywhere in post-19th century literature. Linnaeus lumped all 
species into one genus, Libellula, and Fabricius made the first split – leading to considerable 
problems in nomenclature (see under Agrion). Some of these names can be found in Valle 
1952 and even Chinery 1994. A good listing of synonyms can be found in Askew 2004. 
 
Appendix 2. The scientific synonyms of Finnish Odonata species. 
  
     
OBSOLETE NAME ACCEPTED NAME Notes 
Agrion Coenagrion OR Calopteryx 
Usually Coenagrion. Perhaps the most famous 
of nomenclatural issues in Odonata. Fabricious 
split Linnaeus' genus Libellula and erected both 
puella and virgo to Agrion, but didn't specify a 
holotype. From 1810 to late 20th century the 
name Agrion was used interchangeably for 
either Coenagrion or Calopteryx. Current 
consensus uses these (as of yet unofficial!) 
junior synonyms and discards Agrion for the 
sake of clarity. 
Agrion concinnum Coenagrion johanssoni Old. 
Agrion vernale Coenagrion lunulatum Old. 
Agrion interruptum Coenagrion pulchellum Obscure 
Aeschna Aeshna Common 
Aeshna septentrionalis Aeshna caerulea Obscure 
Aeshna elisabethae Aeshna subarctica ssp. elisabethae Obscure 
Cordulia linaenea Cordulia aenea Obscure 
Aeshna osiliensis Aeshna serrata Taxonomic position of the Baltic sea population is unclear. A.serrata used as accepted name. 
Aeshna serrata osiliensis Aeshna serrata The status of this subspecies is not always accepted 
Ophiogomphus serpentinus Ophiogomphus cecilia Cecilia is commonly used, some uncertainities as to what name has seniority. 
Aeschna vernalis Brachytron pratense Old. 
Sympecma annulatum Sympecma paedisca Even in 1980s literature. 
Sympetrum nigrescens Sympetrum striolatum ‘Nigrescens’ is a dark northern ecological form of striolatum with no genetic difference. 
Cordulegaster annulata Cordulegaster boltoni The genus' taxonomy is in a continuous flux. 
   
  
Appendix 3. Finnish synonyms of odonates 
 
Only a few Finnish synonyms exist, and most of them are relatively clear and understandable. 
Lack of standard names until 2000s lead to many authors “inventing” their own names for 
many species. Undoubtedly there are tens of different unofficial names hidden in the hundreds 
of natural history books translated during the history. The list is courtesy of the author.  
 
Appendix 3. The common Finnish synonyms  
      
OBSOLETE NAME Accepted name Scientific name 
Syysukonkorento Etelänukonkorento Aeshna mixta 
Välkekiiltokorento Välkekorento Somatochlora metallica 
Kevätkiiltokorento Vaskikorento Cordulia aenea 
Vaskikiiltokorento Vaskikorento Cordulia aenea 
Verisyyskorento Verikorento Sympetrum sanguineum 
Ruotsintytönkorento Eteläntytönkorento Coenagrion puella 
Paksukoipikorento Sulkakoipikorento Platycnemis pennipes 
Karvainen ukonkorento Karvaukonkorento Brachytron pratense 
Kievanakorento Viherukonkorento Aeshna viridis 
Pikkukeijukorento Sirokeijukorento Lestes sponsa 
Idäntalvikeijukorento Idänkirsikorento Sympecma paedisca 
    
Vernacular Finnish names have also been invented to species not recorded in Finland. 
These include both the old ”unofficial” ones and an accepted and revised list in Karjalainen 
2010. A proposal of Finnish names for European fauna is under work. 
  
  
Appendix 4. The abbreviations of scientific names 
 
Abbreviations for species are formed on classic 3+3 basis. The first part are the three first 
letters of genus name and the second three letters are the first three letters of species name. 
Therefore, Coenagrion hastulatum becomes Coe has, coe has, Coehas or coehas. The spacing 
and capitalization do not generally matter. 
In cases of imprecise abbreviation a number of additional rules are implemented. Consider 
the two: 
Sympetrum sp. has an abbreviation of Symsp. Sympecma sp has an abbreviation of Symsp. 
In this case, the first differentiating letter becomes the last in abbrevation, so Sympetrum 
becomes Syt and Sympecma becomes Syc. However, as no Sympecma paedisca was detected 
or even expected in the study material, the Sym sp. should be self-explanatory.  
In the case of above-generic levels, no generally used rules exist. In my material, coesp 
refers to Coenagrion sp, coedae refers to Coenagriondae etc.  
  
Ae
sh
na
 cr
en
at
a
Ae
sh
na
 cy
an
ea
Sy
mp
et
ru
m 
sp
.
Er
yth
ro
mm
a n
aj
as
En
al
lag
ma
 cy
at
hi
ge
ru
m
Co
en
ag
rio
n j
oh
an
sso
ni
Li
be
llu
la
 qu
ad
rim
ac
ul
at
a
So
m
ato
ch
lo
ra
 m
eta
lli
ca
Le
ste
s s
po
ns
a
Ae
sh
na
 su
ba
rc
tic
a
Ae
sh
na
 g
ra
nd
is
Le
uc
or
rh
in
ia 
ru
bic
un
da
Ae
sh
na
 ju
nc
ea
Co
rd
uli
a a
en
ea
Le
uc
or
rh
ini
a d
ub
ia
Aeshna cyanea 0
Sympetrum sp. 0 0.331
Erythromma najas 0.333 0 0
Enallagma cyathigerum 0 0.303 0.303 0.303
Coenagrion johanssoni 0.312 0.304 0.304 0.304 0.302
Libellula quadrimaculata 0 0.307 0.310 0.306 0.302 0.316
Somatochlora metallica 0 0 0 0.312 0.321 0.320 0.319
Lestes sponsa 0 0.314 0.347 0 0.302 0.301 0.311 0.305
Aeshna subarctica 0.33 0 0 0.310 0.303 0.332 0.313 0.313 0.305
Aeshna grandis 0 0.313 0.308 0.312 0 0.316 0.348 0.329 0.310 0.313
Leucorrhinia rubicunda 0.313 0.305 0.311 0.309 0.302 0.318 0.311 0.307 0.312 0.344 0.311
Aeshna juncea 0.312 0.304 0.307 0.312 0.302 0.313 0.321 0.31 0.308 0.331 0.323 0.334
Cordulia aenea 0.313 0.304 0.304 0.313 0.302 0.3409 0.323 0.321 0.306 0.34 0.328 0.331 0.340
Leucorrhinia dubia 0.306 0.301 0.302 0.301 0.301 0.321 0.306 0.304 0.305 0.309 0.304 0.319 0.319 0.315
Coenagrion hastulatum 0.301 0.300 0.302 0.301 0.310 0.308 0.305 0.302 0.304 0.303 0.303 0.307 0.308 0.307 0.335
Appendix 4. The similarity of each species to each other. The matrix is based on inverse Bray-Curtis dissimiliarity index. Only species with more 
than one record are included. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Appendix 5. The environmental variables of the ponds. Plant coverage not presented. 
 
Pond name Total samples Fish Ephemerality pH EC Area, sq m Vegetation diversity Exact species Individuals Notes     
Ekangas 7 No 2 NaN NaN 1000 1.21418 2 66 Kettle pond, dried out completely
Riutta 10 No 1 5.86 25.00 2400 1.38565 8 46 Artificial pond 
 Haukil 16 Yes 0 5.66 35.30 2300 0.98663 3 10 Peatland pond 
 Kamarainen 16 Yes 0 4.74 40.83 4000 1.60975 9 357 Peatland pond 
 Lehmovaara_tc 16 No 0 6.04 28.60 3900 1.24595 6 220 Large, fishless pond 
 TCKettle1 8 No 0 6.62 26.85 50 1.49622 4 62 Kettle pond 
 TCClear 16 No 0 6.36 34.10 2500 1.51517 4 256 Fishless spring water pond 
SRistiv 9 No 1 5.34 33.40 3000 1.05760 6 97 Semiephemeral fen pond 
Lehmol 16 Yes 0 6.18 29.50 3000 1.54263 10 135 Peatland pond 
 Likol 16 Yes 0 5.00 19.10 2600 1.65697 8 341 Peatland pond 
 Louhik 8 Yes 0 5.57 41.13 600 1.74436 5 17 Part of stream system 
Oskola_art 14 No 1 4.25 35.67 350 1.60889 8 122 Artificial pond 
 Oskola_forest 8 No 1 4.33 21.37 750 1.21934 5 25 Forest lössä 
 Oskola_north 4 No 2 NaN NaN 350 0.71369 1 7 Forest lössä, dried out completely
Oskola_south 12 No 1 5.50 23.30 900 1.37784 4 317 Forest lössä 
 Oskola_fish 16 Yes 0 4.21 36.30 1900 1.77579 8 50 Peatland pond 
 Oskola_swamp 15 No 0 NaN NaN 450 1.80226 9 205 Semiartificial 
 Tohmalampi 14 Yes 0 6.23 28.67 7500 1.54064 6 57 Fishery, eutrophication 
Valil 15 Yes 0 5.86 34.80 4200 2.00429 10 61 Peatland pond 
 Wkangas 8 No 1 6.54 27.93 930 1.06218 2 151 Kettle pond   
  
 
Appendix 6. Description of species sampled and other species recorded during sampling  
 
The following chapter describes the species found as larvae, exuviae or as breeding at sample 
sites. The results are grouped taxonomically. A short description of species and author’s 
assesment of the species’ status in study are given. The assesments are somewhat subjective, 
since good, published data on Finnish odonates is sparse and mostly based on couple of books 
and articles, some of which were co-authored by the author of this thesis. First number in 
parenthesis indicates the number of ponds species was found at, the second number is total 
number of identified larvae. For synonyms listing, see Appendices 2 and 3. 
 
Lestes sponsa (Hansemann, 1825) [6, 26] 
A common, often extremely numerous and widespread species found in a bewildering 
array of habitats. The habitats range from ephemeral, artificial ponds to rivers, large lakes and 
dystrophic ponds. A single larva was discovered from fish-inhabitated Lehmolampi; all other 
larvae were found from fishless ponds. The sampling times skipped sponsa's main larval 
collection period (June and July); adult imagoes were observed at every location. It is 
assumed that the species is underrepresented in the material, but larvae are perhaps more 
numerous in fishless ponds.  
L.sponsa is an obligatory univoltine species and overwinters as an egg. The larval stadium 
lasts  for  just  from a  few weeks  to  couple  of  months  and  development  cycle  is  rapid.  In  the  
spring samples Lestes were not present. It seems plausible but unproven that the species is 
vulnerable to fish predation, since the larval energy economy (with high foraging coefficient) 
makes it more visible to fish predators than e.g. C. hastulatum. The larvae of the genus are 
very distinct from other Zygoptera larvae even while heavily damaged, and they often lose all 
limbs and caudal lamellae during collection. 
 
Lestes dryas Kirby 1890 
Rare species, which seems to favour highly ephemeral habitats, even ones that dry 
completely after July. The species is found in quarries, bogs and mires, shallow kettle ponds 
and artificial, shallow waters. Many adults were recorded at one site (ephemeral kettle pond), 
but the pond had already dried. It is assumed the species breeds there, but since no larval 
material was collected, the species cannot be included in the analysis. Separation of larvae 
from sponsa requires examination of labial mask or caudal lamellae. 
  
 
Enallagma cyathigerum (Charpentier 1840) [4, 62] 
An autumnal Coenagrionid, E.cyathigerum’s flight period starts at late May and lasts until 
August, thus being significantly longer than the spring-orientated Coenagrion species. The 
peak is usually in July (c.f. Coenagrion). It is often very numerous and very visible, with the 
deep azure blue adult being easily separable from late-summer Lestes species. Although E. 
cyathigerum is often considered common, Sahlén & Ekestubbe (2001) only discovered it in 
15 % of the larvae sampling sites in central Sweden, and the species was also a strong 
candidate for general species diversity indicator. 
E. cyathigerum inhabits a relatively wide number of habitats, often being common at large 
lakes and peatland ponds. It is often rare or absent in more eutrophic habitats. A large larva is 
easy to identify by caudal lamellae and their colouration; the small larvae are most readily 
identified by observing the labia, which have a telltale microscopic spike. 
E. cyathigerum was surprisingly rare and local in this material. Contrary to expectations, 
the species larva was only recorded at 4 sites, with 59 of the 62 larvae being found at one 
fishless, clear and calm kettle pond. This is quite in line with Sahlén & Ekestubbe (2001) 
observation. Adults were observed in every sampling pond. The results suggests 
underrepresentation. 
 
Coenagrion pulchellum (Vander Linden 1825) 
One exuvia was collected from an ephemeral, artifical pond. No adults or larvae were 
recorded. The species is has a southern distribution and is not common in North Karelia, 
especially in forest ponds. The species is very common and inhabits a wide niche in Finnish 
coastline and southernmost Finland, and can be found in practically any sort of habitat. 
However, it seems to favour lush growth and eutrophic waters, being especially common in 
e.g. ditches, small ponds and sheltered bays. The larvae in the genus are difficult to identify, 
and the small larvae are usually best left unidentified. 
 
Coenagrion hastulatum (Charpentier 1825) [19, 1092] 
Very common and widespread tyrphobiontic species found in wide variety of habitats in 
entire country. Often rare or absent in eutrophic waters. Univoltine, overwinters as a large 
larva. One of our most visible and common species, hastulatum formed a majority of larval 
individuals collected. Identification of the larvae relies on caudal lamellae and familiarity with 
  
similar species. Many smaller larvae which were not identified could be assumed to be 
hastulatum. 
 
Coenagrion lunulatum (Charpentier 1840) [1, 1] 
An enigmatic and uncommon species, C.lunulatum is a local yet widespread species, 
recorded erratically from around the country. The habitat choices are unclear, but in Southern 
Finland species seems to favour richly vegetated smaller forest ponds. The ponds aren't 
generally completely oligotrophic and can have lots of Nuphar, Nymphae, emergent Carex, 
Menyanthes trifolia and Phragmites australis. However, around Lake Inari the species can 
also be found in very oligotrophic, clear and shallow pools in sandy depressions. These pools 
sometimes have almost no vegetation to speak of. The species is also sometimes recorded in 
completely normal forested ponds. It is thus difficult to assess the species’ status and its 
habitat choices.  
One larva was collected from clear, rock-bottomed spring pond at Kuitsalampi region. The 
location was curious and the pond itself was a novelty in species composition, water quality 
and vegetation type. The larva is difficult to identify, requiring familiarity with other species 
of the genus. The ID is often based on relative identification marks and certain identification 
requires measuring the dimensions of the labial mask. 
 
Coenagrion johanssoni (Wallengren 1894) [5, 45] 
A common inhabitant of forested areas, adult johanssoni were observed in every peatland 
pond. Larvae were often rarer, generally only encountered in dystrophic, peatland ponds with 
Spahgnum-dominated shore line. The species seems to avoid mesoeutrophic ponds, ephemeral 
habitats and lotic habitats.  
A normally coloured larva is usually straightforward to identify, having two strong dark 
bars at the base of the antennae. Smaller, paler larvae require careful examination of caudal 
line’s relative position.  
 
Erythromma najas (Hansemann 1823) [3, 3] 
The red-eyed, dark-and-blue adult is a large and visible damselfly of all sorts of lakes and 
ponds with emergent vegetation, often ”buzzing” visibily near water surface, landing on 
lilypads and giving chase to conspecifics. The species is a generalist, but is often most 
common in relatively mesotrophic ponds, lakes and rivers with lots of Nuphar and Nymphae. 
The large larva is straightforward to identify; smaller larvae are usually identified based on 
  
abdominal patterns. The species was surprisingly scarce in the sample material, but adults 
were observed at all permanent ponds. The results suggest underrepresentation. 
 
 
Pyrrhosoma nymphula (Sulzer 1776) [1, 8] 
A unique species, P.nymphula inhabits  a  variety  of  slowly  flowing  rivers,  ditches  and  
streams, where it can be common. The large black, yellow and bright red adults are sluggish, 
relatively static insects; the dark and flattened larva has a set of unique characteristics, making 
it look more like Blue Featherleg Platycnemis pennipes larva than more closely related 
Coenagrionidae species. The species is one of the most widespread and common 
Coenagrionids in Western Europe, inhabiting small ponds and artifical watercourses. In 
Finland, the species favours forested streams. Recent observations from small, brown and 
warm waters in the southern coast suggest a possible niche swift very much like those of 
Coenagrion puella and Libellula fulva.  
The adults were recorded at four locations and some observations might relate to straggling 
wanderers. Larval and exuviae material was only collected from Louhikorpi stream pool in 
forested peatland. This stream pool was part of a larger, slowly flowing and richly vegetated 
stream with lots of Menyanthes trifoliata – a typical habitat for the species. 
 
Genus Aeshna (Fabricious 1775) 
(Aeschna) 
The Aeshnas, commonly known as Hawkers (Eur.) and Darners (US), deserve a special 
mention in this thesis, since they form a crucial part of the theoretical background of this 
thesis. Most of the species are large (a F-0 instar Aeshna grandis larvae can weigh over 1 
gram), active and aggressive predators with semi- or partivoltine  development cycle. At lakes 
not containing fish the Aeshnids share the top predator niche with large Dytiscus/Cybister 
(Insecta: Coleoptera), Nepidae and Notonectidae (Insecta: Heteroptera) and leech (Annelida: 
Hirundinea) species. They are often very numerous and outnumber large diving beetles in 
benthic hand net samples. (In sample data there were 100 Aeshnidae, but only approximately 
5 large Dytiscus sp. beetles); the Dytiscus might simply evade the net.) As such, the 
Aeshnidae will most likely have an impact on prey species. The Aeshnids also feed on small 
fish, amphibians and each other. Adult Aeshnids are catholic feeders, even capturing small 
frogs for food. They are also visible and large. 
  
There are several relatively clear groups in Aeshnidae. A.juncea, A. subarctica and A. 
crenata favour peatlands and kettle ponds; grandis is very flexible; A. cyanea can be very 
numerous in small, dark ponds. Additional species include Baltic A. serrata, a large brackish 
water species allied to A. crenata; A. caerulea, a small tyrphobiotic species with northern 
distribution; univoltine and southern A. mixta; and A. viridis, a Stratiotes aloides specialist.  
Aeshna larvae are often frustrating to identify, with most of the identification based on 
features usually found only in fully grown larvae. Careful observation of thoracical patterns, 
anal pyramid and appendages and the number lateral spikes usually leads to correct 
identification. Small larvae might elude proper identification, although some species are 
readily identifiable even as 1st instar larvae. 
 
Aeshna grandis (Linnaeus 1758) [7, 14] 
A large, tobacco-brown hawker with dark brown wings and little blue spotting found in the 
entire country. One of our most visible odonates which hawks around summer cottage yards, 
city centers, all sorts of waterways, fields and small gravel roads. Development is at least 2 or 
3 years. Larvae are identified by head and thoracial patterns and lateral spikes.  
Adults were recorded at every location, but as all Aeshnid species are very mobile, the 
presence of adults is often of little importance.   
 
Aeshna cyanea (Müller 1764) [2, 2] 
Brightly coloured and attractive species, often encountered in shady forest tracks. It’s 
inquisitive nature leads it to often entering homes and ”buzzing” people. The females are 
notoriously flexible in their choice of ovipositioning substrate (Powell 1999, Corbet & Brooks 
2008). The species is most common in dark, small ponds with little vegetation and lots of leaf 
litter. Larvae have been collected from e.g. unkempt swimming pools, old fortress ditches and 
moats and old clay pits. They also inhabit more classical habitats, such as forested ponds. 
Larval development is said to be rapid. The species is not present in northernmost Finland. 
Two larvae were collected, both from permanent and normal forested ponds. Adults were 
recorded erratically from here and there. Ovipositioning was observed in several locations. 
 
Aeshna juncea (Linnaeus 1758) [11, 47] 
Aeshna juncea is a classical Aeshnid species in much of the boreal zone and is a part of a 
larger, confusing complex of similar blue-yellow Aeshnas  with  a  holarctic  distribution.  The  
identification of larva is not straightforward, and it resembles A. subarctica, from which it can 
  
be separated by prothorax muscle scars, thoracial patterns, leg lenght and anal pyramid 
features. The larva has a two- or three year development cycle. The species is highly 
opportunistic, but seems to be rare in more ephemeral waters.  
 
Aeshna subarctica Walker 1908 [7, 17] 
A sister species to A. juncea and often very hard to identify. Adults are identified by 
colouration; more experienced observers can often identify the species by flight posture and 
general overall tone. The species is common, widespread and usually present at every 
peatland pond, and is often also found in large lakes, small kettles and other ”atypical” 
locations. The larvae were present in several different ponds; there might be confirmation bias 
regarding the species’ habitat, and it may inhabit a wider variety of habitats than previously 
thought. Identification is based on thoracical patterns, anal appendages, and relative leg 
length. 
 
Aeshna crenata Hagen 1856 [2, 3] 
One of Europe's largest odonates. The species is Eastern, reaching central Finland in the 
north and Poland in the west. Distributional limits and habitat choice in general are, however, 
poorly known. The species is a ”must” for odonatologists visiting Finland. It inhabits a variety 
of small ponds and lakes, including small kettle ponds, deep and calm peatland pools and 
even spring-fed ponds and poor fens and mires. A large larva is easy to identify due to size, 
lateral spikes in S5 and long anal appendages. 
Total of three larvae were discovered in two lakes. Additional adults were seen in two 
locations. The species is scarce and probably overlooked. 
 
Cordulia aenea (Linnaeus 1758) [11, 43] 
A common and visible species with a long flight period, Cordulia aenea’s flight period 
starts in May and lasts to July. The species inhabits all sorts of standing and slowly flowing 
waters. The adult is a dark green hairy odonate with a bronze gloss, patrolling around the 
edges of ponds and small lakes, stopping to inspect potential ovipositioning substrates and 
sometimes resting lazily on tree leaves. The long-legged and strongly marked larva leads a 
shallowly burrowing lifestyle, sitting underneath leaf litter and decaying peat moss. Larva is 
easy to identify based on dark markings and lack of lateral spines, but small larvae are not 
always reliably identifiable even to family level.  
  
A total of 43 individuals were captured. Adults were observed in every location. The 
sprawling, sedentary lifestyle of the larva might decrease its detectability. 
 
Somatochlora metallica (Vander Linden 1825) [5, 14] 
Aptly called ”Brilliant Emerald” in English and ”välkekorento” [lit. sparkling dragonfly] in 
Finnish, S.metallica is a dashing bright green Corduliid with obvious yellow marking in face. 
The female has a enlargened vulvar scale which forms a visible spike, used in endophytic 
ovipositioning. The species is widely spread and relatively opportunistic, but seems to favour 
eutrophic and well-vegetated waters,  bays and river pools.  It  is  also often present in shaded 
woodland streams.  
The larva is relatively straightforward to identify to species-pair level (S. metallica/S. 
flavomaculata) – it is a large, spindly, spiky and well-marked shallow burrower. Small larvae 
have two distinct horns between the eyes.  
 
Somatochlora arctica (Zetterstedt 1840) [1, 2] 
Usually considered a peatland specialist, S. arctica is a slender, almost black corduliid with 
bright green eyes and, in males, strongly curved anal appendages. It is spread widely and is 
usually encountered in mires and fens. The female often ovipositions in ”kulju” shallows in 
raised bogs. The larva is not very spiky and has lots of fine hair. The larva is often covered in 
fine detritus and silt, making exuviae and freshly netted individuals look shaggy and unclean.  
Two larvae were netted from Lehmolampi, an oligomesotrophic pond with fishes. No 
adults were recorded. The adults are usually elusive and encountered in bogs and mires. 
 
Libellula quadrimaculata Linnaeus  1758 [5, 28] 
One of the most common, visible and easily identifiable Finnish dragonflies. The adults 
have two visible black spots in forewing (pterostigma and at the nodus) and three at the 
hindwing (pterostigma, nodus and the base), making the scientific specific name (”four-
spotted”) somewhat imprecise in all contexts. The species is medium-sized, emerges in May 
and flies until August. The species inhabits a huge variety of habitats and can sometimes 
emerge and migrate in huge numbers. The species apparently has a two-year development 
cycle. 
The larva is a sturdy, short-legged and strongly patterned shallow burrower, which lives in 
detritus, litter and decaying peat moss. Despite its commonity, the larva was surprisingly 
  
uncommon. Most of the larvae, 15, were found from Tohmalampi, which is a eutrophicated 
pond with a fish farm. Adults were ubiquitous everywhere.  
 
Leucorrhinia dubia (Vander Linden 1825) [14, 379] 
Small libellulds, the Leucorrhinia ”whitefaces” get their English vernacular name from 
their distinctive white face, a feature not commonly shared with other Libellulidae genera. 
Very common, numerous and visible on peatlands, dystrophic ponds and bogs, dubia is 
loosely associated with Sphagnum dominated habitats. Two cohorts of larvae were collected 
in both spring and autumn, indicating a two-year semivoltine development cycle. The larva is 
often extremely numerous in floating and submerged Sphagnum moss,  with dozens of small  
larvae in one netful of Sphagnummass. The larva exhibits considerable variation in colour and 
morphological patterns, and smallest larvae are generally undistinguishable from other 
Libellulids, especially other Leucorrhinia species. 
 
Although both L. dubia and L. rubicunda are very numerous as adults and are often 
recorded in near 1:1 ratio, L. dubia larva is usually much more common in larval samples. 
Even at locations where adult L. rubicundas are more numerous and visible, the L. dubias 
dominate larval samples. This phenomenon has been known for many years (Elo 2014 
pers.comm). Explanations could include e.g. cumulative false identification data (unlikely), 
survival ratios in different life cycle stages, different microhabitat preference or any 
combination of thereof.  
 
Leucorrhinia rubicunda (Linnaeus 1758) [10, 42] 
The ”rarer” counterpart to L. dubia, see also above. The species inhabits similar habitats as 
L. dubia, but is also commonly found on eutrophic and mesoeutrophic waters, where dubia is 
scarcer. Imagoes were numerous practically everywhere in late May – early June. 
 L. rubicunda was more common than L. dubia at one site, with ratios ranging from 1:1 to 
1:67. The average rubicunda:dubia ratio was 1:12.  
 
Large number of unidentifiable Leucorrhinia larvae were collected [10, 499]. All of these 
were collected from ponds that contained accurately identified L .dubia, and the author 
assumes that they follow the rough distributions of L. dubia and L. rubicunda, with most of 
them being L. dubias. This brings unnecessary yet unavoidable uncertainty to analysis. 
 
  
Leucorrhinia caudalis (Charpentier 1849) [1, 7] 
Uncommon whiteface, easily recognized by laterally compressed abdomen, bright blue-
white-black colouration (in males), white appendages and white undeside of pterostigma. The 
species favours mesotrophic waters with lots of floating vegetation, and the territorial males 
perch on Water Lily leaves. Sometimes it is also encountered in peaty ponds. Local species, 
which reaches Lake Oulujärvi area, but is most common in inner Southern Finland. The 
larvae is laterally compressed and spiky. Often inhabits waters with fish and often co-exists 
with L. albifrons (in peatland ponds) and L. pectoralis (in more mesoeutrophic habitats). The 
species is protected by law and is one of the EU Habitats Directive species. The larva is 
laterally compressed, wide-bodied and has large spines. 
7 larvae were collected from Välilampi pond, which was a large, fish-inhabitated, deep 
pond with peat moss shores. The pond also had a population of L. albifrons. 
 
Leucorrhinia albifrons (Burmeister 1839) [1, 1] 
Relatively common whiteface of forested ponds, lake bays, peatlands and bog and mire 
ponds. Distributed from southernmost Finland up to at least Oulu area, but apparently 
uncommon and local north of Jyväskylä-Lieksa line. The male resembles L. caudalis,  but is  
not as laterally compressed, has black pterostigma and is darker, with blueish pruinosity 
limited to first abdominal segments. The species is also on the EU Habitats Directive list. The 
larva is ”intermediate” between L. rubicunda and L. caudalis in many morphological 
characters. 
1 larva was collected from Välilampi, which also had a population of L.caudalis. 
 
Sympetrum cf. danae [2, 11] 
Sympetrum are  a  genus  of  small,  usually  obligatory  univoltine  libellulids.  They  usually  
overwinter as larvae and are obligatorily univoltine. Most of the species are very ubiquitous, 
common and visible in late summer and autumn. Most of them are very nonchalant with their 
habitats and many of them are highly dispersive, with huge numbers of apparently vagrant 
individuals seen everywhere during southern winds. The author has more than once observed 
dozens of individuals in small and barren rocky islets in Baltic Sea, where all recorded 
dragonflies are almost certainly vagrants. 
11 larvae were collected from two ponds; both were ephemeral, fishless ponds. The larvae 
are difficult to identify to generic level unless fully grown; they are best separated from 
Leucorrhinia larvae from eye margin and shape of the back of the head, as well as relative 
  
antenna length and colouration of stomach. None of these, however, do fully apply to small 
larvae!  As such, there probably are undetected Sympetrum larvae in the pool of Libellulid 
larvae.  
No Sympetrum larva was identified to species level. Sympetrum danae’s exuviae were 
found. The genus is treated as a “single species” in the material. Both Sympetrum danae and 
Sympetrum flaveolum were extremely common everywhere in late summer and adults were 
recorded everywhere. It is possible the sampling timetable was unfavourable to Sympetrum 
larvae (see Lestes sponsa for further discussion). 
 
